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W h ils t th e  volume o f l i t e r a t u r e  co n cern ing  r u b e l la  v iru s  has 
in c re a se d  m arkedly d u rin g  re c e n t  y e a r s ,  few au th o rs  have compared th e  
p ro p e r t ie s  o f s t r a in s  o f v a r ie d  o r ig in  and h is to r y .  In  th e  m ain, 
i n t e r e s t  has c e n tre d  on th e  b io lo g ic a l  c h a r a c te r i s t i c s  o f th e  a t te n u a te d  
s t r a in s  o f r u b e l la  and th e  m o d if ic a tio n  of such  p ro p e r t ie s  d u r in g  lo s s  
o f v iru le n c e  f o r  man.
A s tu d y  o f th e  p laque morphology in  GL-RK^ c e l l s ,  o f some $6 
s t r a i n s ’ from p re  and p o s t - n a ta l ly  acq u ired  in f e c t io n  was u n d e rta k en .
The s t r a in s  in c lu d ed  la b o ra to ry  ad ap ted , h ig h ly  passaged  and f r e s h ly  
i s o la te d  m a te r ia l  w ith  l i t t l e  o r no h i s to r y  o f c u ltu re  i n  v i t r o .
I t  was found .th a t i n  th e  m ain, low p a ss  s t r a in s  showed a  t y p ic a l  sm all 
p laque form bu t two f r e s h ly  i s o la te d  s t r a in s  w ith  la rg e  p laque  ty p e  were 
a ls o  en co u n te red . The la b o ra to ry  passaged  s t r a in s  showed a  ran g e  in  
p laque morphology from sm all to  la rg e  which d id  no t appear t o  be dependant 
on th e  t i s s u e  s e le c te d  f o r  p ro p a g a tio n  o f th e  v i r u s .  A b r i e f  s tu d y  
o f th e  in f lu e n c e  o f t i s s u e  c u l tu re  passage  on th e  p laque  morphology 
o f  s e le c te d  s t r a in s  y ie ld e d  evidence o f two system s o f change 5 th e  f i r s t  
b e in g  a  g rad u a l t r a n s i t i o n  from a  sm all to  la rg e  p la q u e , w h i ls t  th e  second 
appeared  to  be c lp s e r  to  a  s e le c t io n  p ro c e ss , th e  new p laque  ty p e  em erging 
and becoming predom inant.
S ix  r e p re s e n ta t iv e  s t r a in s  o f r u b e l la  were s e le c te d  f o r  f u r th e r  
s tu d y . Growth o f v iru s  and p ro d u c tio n  o f h aem ag g lu tin a tin g  a n tig e n  
in  s e v e ra l  c e l l  c u l tu re  system s was compared and th e  r e s u l t s  su g g es ted  
th a t  th e  p rev io u s  passage  h i s to r y  o f  a  s t r a i n  cou ld  in f lu e n c e  i t s  
p o te n t i a l  f o r  grow th in  c e l l  c u l tu r e .
The th e rm al s t a b i l i t y  o f th e se  s t r a in s  was a lso  in v e s t ig a te d  and 
th e  two i s o l a t e s  from c o n g e n ita l ly  in fe c te d  in fa n ts  were shown to  d i f f e r  
in  t h e i r  p a t te r n  o f in a c t iv a t io n .
A ll o f th e  s t r a in s  were shown to  be immunogenic in  r a b b i t s ,  and 
th e  a n t i s e r a  th u s  produced were used  in  c ro ss  h aem ag g lu tin a tio n  in h ib i t i o n  
and n e u t r a l i z a t io n  s tu d ie s .  A pparent anom alies were en co un tered  w ith  
th e  a n t i s e r a  produced in  response  to  th e  C en d eh ill s t r a i n .  I t  was n o t 
p o s s ib le  to  dem onstrate  h aem ag g lu tin a tio n  in h ib i t in g  a n tib o d ie s  a g a in s t  
some o f th e  s t r a in s  in  s p i t e  of th e  f a c t  t h a t  th e se  were p re s e n t  to  h ig h  
t i t r e s  a g a in s t  o th e r  s t r a in s  o f r u b e l l a .  Exam ination o f  th e  k in e t ic s  
o f homologous and h e te ro lo g o u s  n e u t r a l i z a t io n  showed some d if f e r e n c e  
betw een th e  s t r a in s  and th e  e x is te n c e  o f two p a r t i c u l a r ly  a n tib o d y  
s e n s i t iv e  s t r a i n s .
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as R o th e ln , as e a r ly  as 1866, co n tro v e rsy  con tinued  as to  i t s  e x is te n c e  
as an e n t i t y  fo r  a  f u r th e r  f i f t e e n  y e a r s .  In  1881 th e  I n te r n a t io n a l  
Congress o f M edicine in  London gave th e  o f f i c i a l  s e a l  o f r e c o g n it io n  
to  R u b e lla , acknow ledging i t  as a  d ise a se  d i s t i n c t  from M easles o r 
S c a r le t  F ev e r. L i t t l e  f u r th e r  p ro g re ss  occurred  u n t i l  1938* when 
H iro  and Tasaka were a b le  to  dem onstrate  th e  v i r a l  a e t io lo g y  o f th e  
in f e c t io n  by tra n sm iss io n  o f th e  d ise a se  w ith  f i l t e r e d  th r o a t  w ashings 
from in fe c te d  in d iv id u a ls .  R u b e lla  was g e n e ra lly  reg a rd ed  as a  t r i v i a l  
in f e c t io n  w ith  l i t t l e  c l i n i c a l  im portance u n t i l  1941* when S i r  Norman. 
M cA llis te r  Gregg p u b lish e d  h is  o b se rv a tio n s  on the ap p aren t r e la t io n s h ip  
between r u b e l la  in f e c t io n  d u rin g  pregnancy and c o n g e n ita l d e fe c ts  in  th e  
o f f s p r in g . A lthough Gregg1s r e p o r t  was supported  by th o se  o f Swan and 
h is  co lle ag u es  in  1943 and 1944* th e  f u l l  im portance o f h is  o b se rv a tio n s  
were n o t r e a l i s e d  u n t i l  1947 when W esselhoeft p u b lish ed  a com prehensive . 
account o f r u b e l la  em phasising  i t s  d ram atic  consequences to  th e  p reg n an t 
woman.
The v iru s  e luded  i s o l a t i o n  u n t i l  1962 when sim ultaneous p ap ers  from 
th e  W alter Reed Army I n s t i t u t e  o f R esearch  (Parkman, B uescher and 
A r te n s te in , 1962) and th e  H arvard School of P u b lic  H ealth  (W elle r and 
Neva, I 962) ,  re p o r te d  th e * 'rec o g n itio n  o f  r u b e l la  v iru s  i n  c u l tu r e  by 
e i t h e r  th e  f a i l u r e  to  su p er in f e c t  A fric a n  Green Monkey k id n ey  c e l l s  w ith  
Echo v iru s  type  11, o r th e  slow e v o lu tio n  o f  a  cy to P a th ic  e f f e c t '  ‘i n  ' 
prim ary-human amnion c e l l s .  Recent y ea rs  have brought m ajor advances in  
th e  in v e s t ig a t io n  o f r u b e l la  v i r u s .  I t  has been shown to  be a  
ru b o n u c le ic  a c id  v iru s  o f some 70-75 nanom etres, w ith  a  p leom orphic  
s t r u c tu r e  e x h ib i t in g  an in te r n a l ,  e le c t ro n  dense , co re  o f ' 35 nanom etres . 
and a  roughened o u te r  su rfa c e  su g g es tiv e  o f p ro je c t io n s  (B e s t, B an a tv a la
I t  i s  though t to  c o n ta in  p ro te in  and l i p i d  due to  i t s  buoyant d e n s i ty
o f  1 .18  gm/ml, i t s  s e n s i t i v i t y  to  l i p i d  s o lv e n ts  and th e  l y t i c  a c t io n
o f complement* (L iebhaber e t  a l ,  1969$ Almeida and Laurence, 1969)#
6R ib o n u c le ic  a c id  w ith  a  m o lecu lar w eight o f 3 x  10 d a l to n s ,  may be 
e x tra c te d  from th e  v iru s  and has been shown to  r e t a in  i t s  i n f e c t i v i t y  
f o r  t i s s u e  c u l tu re  (Hovi and V ah eri, 1970; Sedwick and S oko l, 1970).
H aem agglutin in , complement f ix in g  a n tig e n  and two p r e c ip i t a t i n g  
a n tig e n s  have been dem onstrated  f o r  r u b e l la  v i r u s .  The h aem ag g lu tin in , 
f i r s t  d e sc rib e d  by S te w a rt, Parkman, Hopps, D ouglas, H am ilton and Meyer 
in  1967, has been shown to  be la r g e ly  a s s o c ia te d  w ith  th e  com plete v i r u s ,  
(McCombs and Rawls, 1968) a lth o u g h  i t  i s  most u s u a lly  employed as  an 
e th e r -d e te rg e n t  degraded su b u n it f o r  an tib o d y  e s tim a tio n s , as t h i s  
p ro cess  y ie ld s  h ig h e r t i t r e  m a te r ia l .  Two com plem ent-fix ing  a n tig e n s  
have been re co g n ised  (Schmidt and L en n e tte , 1969) , th e  f i r s t  o f h ig h  
m olecu lar w eight i s  th e  s o -c a l le d  in s o lu b le  a n tig e n  which i s  alw ays 
a s s o c ia te d  w ith  i n f e c t i v i t y  and h aem ag g lu tin in , w h ils t  th e  second s o lu b le  
a n tig e n , e lu te s  s e p a ra te ly  from a f r a c t io n a t io n  column. I t  i s  th o u g h t 
t h a t  th e  sm all so lu b le  a n tig e n  may w e ll re p re s e n t  a  su b u n it o f th e  v i r u s ,  
b u t i t  i s  as y e t u n c le a r  as to  w hether i t  i s  a  d eg rad a tio n  p ro d u c t o r 
excess m a te r ia l  which m ight be in c o rp o ra te d  in to  th e  com plete v i r i o n .
The two p r e c ip i t a t in g  a n tig e n s  th e ta  and i o t a ,  (Le B onv ier, 1969) a re  
a ls o  thought to  re p re se n t s t r u c tu r a l  components of th e  v i r u s .
The c l a s s i f i c a t i o n  of r u b e l la  v iru s  i s  n o t as y e t  f i n a l l y  d e c id e d , 
a lth o u g h  s i m i l a r i t i e s  have .been  n o te d .to  th e  Group A a rb o v iru se s  
(Holmes, Wark and W arburton, 1969) ,  B i t tn e r  mouse mammary tum our a g e n t, 
(Almeida e t  a l ,  1969) and th e  av ian  le u c o s is  group, (Horstm ann, 197 l)»
I t  i s  a t  p re se n t p laced  in  th e  T ogav iridae  due to  m orpho log ica l and ‘ 
b io lo g ic a l  s i m i l a r i t i e s  to  o th e r  T o g av iru ses, b u t rem ains ungrouped . 
(H orzinek, Maess and L aufs, 1971)*
.auvciiiutJfc) xxi uxxt: uxicixcit; utjx-j.au,i/jLoxi ox x-uuo-Lxa vxjTus xea t>o  ui'cer.es’c 
in  th e  p o s s i b i l i t y  o f v acc in e s  in ten d ed  f o r  th e  p r o te c t io n  o f th e  unborn 
c h i ld .  Three s t r a in s  o f th e  v iru s  ‘have been a tte n u a te d  and a re  now 
a v a i la b le ,  th e  HPV-77 s t r a i n ,  (Parkman, Meyer, K irs c h s te in  and Hopps,
1966) th e  C en d eh ill s t r a i n  (Huygelen, P eeterm ans' and P r in z ie ,  1969) and 
th e  RA27/3 s t r a i n  (P lo tk in ,  1969)* These a tte n u a te d  s t r a i n s  o f r u b e l la  
have been shown to  have p ro p e r t ie s  which d i f f e r e d  from th e  o r ig in 'm a te r i a l ,  
(Parkman e t  a l ,  1966; Huygelen e t  a l , '  19^95 P lo tk in  e t  a l ,  19^9 ) and which 
were lin k e d  w ith  lo s s  o f v iru le n c e  f o r  man. Meyer, Parkman, H oesins, 
Larson, Davis and S im sarian , ( 1969) havo suggested  th a t  s u i ta b le  m arkers 
o f a t te n u a t io n  o f r u b e l la  v iru s  nay be found in  a ) c y to p a th o g e n ic ity  
and p laque fo rm atio n  in  GL-RIC^ c e l l s  b ) le v e ls  of in te r f e r o n  induced  in  
c u l tu r e ,  and c ) v iru s  shedd ing  and evidence o f v iraem ia  in  in f e c te d  
monkeys. S im ila r  changes in  p ro p e r ty  have been dem onstrated  f o r  o th e r  
s t r a in s  o f r u b e l la  v iru s  on p assag e ; th e se  may not n e c e s s a r i ly  be r e l a t e d  
to  a t te n u a t io n ,  f o r  example, th e  in c re a se d  cy to p a th ic  e f f e c t  o f  J u d i th  
s t r a i n  in  GL-PJCj^ c e l l s  a f t e r  passage in  t h i s  t i s s u e  (Morgan, 1969$
Laurence and Gould, 1969) .  I t  was in t e r e s t i n g  to  n o te  t h a t  th e  th re e  
v acc ine  s t r a in s  o f r u b e l la  v iru s  have few la b o ra to ry  m arkers o f  a t te n u a t io n  
in  common. I t  was n o t laiown w hether th e  v a r ia t io n  in  th e  la b o ra to ry  
p ro p e r t ie s  o f th e se  v acc in e  s t r a in s  was due t o ’the  d i f f e r e n t  t i s s u e s  . 
and methods employed in  th e  a t te n u a t io n  p ro c e ss  or to  a  b a s ic  d if f e r e n c e  
in  th e  o r ig in a l  i s o l a t e s .
R iibella  has posed in t e r e s t i n g  ep idem olog ica l p rob lem s. I t  i s  a  
d ise a se  no rm ally  o c cu rrin g  in  l a t e *ch ildhood  and e a r ly  ad o le sc en c e , 
however t h i s  p a t te r n  has been found to  v a ry  in  c e r ta in  c o u n t r ie s ,  w ith  
h ig h  le v e ls  o f immunity b e in g  reached  by th e  age o f f iv e  in  some South  
American com m unities, w h ils t  in  o th e r  a re a s  o f the w orld  low numbers o f 
immune su b je c ts  a re  found a t  a l l  ages in  s p i t e  o f endemic r u b e l l a  
(Horstmann, 1971)* Furtherm ore i t  has been noted  tha .t Japan  has a
m ate rn a l r u b e l la  w h ils t  s t i l l  r e ta in in g  endemic r u b e l la  in  th e  community 
and an expected  p e rcen tag e  o f s u s c e p tib le  su b j e c t  s , .(-Kono* 1969)#
The in c id en ce  o f w idespread  epidem ics appears to  be c y c lic  i n  c o u n tr ie s  
such as th e  USA, o c c u rrin g  ev ery  s ix  to  n in e  y ears  w ith  a  s te a d y  
resu rg en ce  o f th e  d is e a se s  every  sp r in g  in  th e  in te rv e n in g  y e a r s ,  
(Horstmann, 197l)$ however, f ig u re s  from A u s tra l ia  have su g g ested  th a t  
a  s iz e a b le  epidem ic occurs y e a r ly  (F o rb e s ,1969)#
S e ig a l ,  F u e rs t and Guinea ( l 9 ? l )  have suggested  th a t  th e  abnorm al 
pandemic which occurred  in  th e  USA in  1964 w ith  i t s  a t te n d a n t  r i s e  in  
th e  number and p a t te r n  o f c o n g e n ita l d e fe c ts  may v /e ll be ex p la in ed  by a 
b io lo g ic a l  change in  th e  c i r c u la t in g  v i r u s .  Horstmann (197^) s im i la r ly  
suggested  th a t  th e  un u su a l ep id em io lo g ica l behav iour o f r u b e l l a  m ight 
be ex p la in ed  by such f a c to r s  bu t re co g n ised  th a t  no s ig n i f i c a n t  v a r i a t io n  
in  ru b e l la  v iru s  s t r a in s  had been dem onstrated  as y e t .  The a v a i l a b i l i t y  
o f vacc ine  to g e th e r  w ith  th e  in c re a s in g  number of q u e s tio n s  a s s o c ia te d  
w ith  th e  epidem iology and p ro p e r t ie s  of r u b e l la  v iru s  in  th e  community, 
n a tu r a l ly  led , to  a  growing i n t e r e s t  in  th e  p o s s i b i l i t y  o f b io lo g ic a l  
v a r ia t io n  in  r u b e l la  v i r u s .  Simple c r o s s - n e i i t r a l i s a t io n  and 
h aem ag g lu tin a tio n  in h ib i t i o n  s tu d ie s ,  (Kono, 1969$ B an a tv a la  and B e s t, 
1969) or th e  more s o p h is t ic a te d  k in e t ic  h a e m a g g lu tin a tio n - in h ib it io n  
s tu d ie s  o f B est and B an a tv a la  in  1970, d id  n o t re v e a l a  s ig n i f i c a n t
a n tig e n ic  d if fe re n c e  between th e  s t r a in s  s e le c te d  f o r  s tu d y . Hot even
/
s t r a in s  e x h ib i t in g  an ap p aren t v a r ia t io n  in  one b io lo g ic a l  p ro p e r ty , 
such as te ra to g e n ic  p o te n t i a l  f o r  th e  f o e tu s ,  could be shown to  v a ry  
a n t ig e n ic a l ly  (Kono, 1969)* Fogel and P lo tk in  (1969) Oxford ( 1969) 
however, were ab le  to  dem onstrate  some sm all a n tig e n ic  v a r i a t io n  betw een 
s t r a in s  in  sim ple n e u t r a l i s a t io n  t e s t s  a lth o u g h  the  v a lu es  o b ta in e d  la y  
n e a r  to  th e  le v e l  o f s ig n if ic a n c e .  S e v e ra l w orkers had re p o r te d  t h a t  
h ig h ly  passaged  s t r a in s  could  be d is t in g u is h e d  from th o se  w ith  l i t t l e
c y to p a th o g e n ic ity  in  GL-RK.^ o r BHK2l/l3S c e l l s ,  (Parkman e t  a l ,  19665 
P ogel e t  a l ,  19695 Morgan, 1969 , Oxford, I 9695 P lo tk in , 1969)5 le v e ls  
o f in te r f e r o n  induced  i n  c u l tu re  (Parkman e t  a l ,  19695 Huygelen e t  a l ,  
1969) and im m unogenicity f o r  monkeys and r a b b i t s ,  (Parkman e t  a l ,  19665 
Huygelen e t  a l ,  19691 O xford, 1969) b u t few com parisons were made o f  
s t r a in s  w ith  s im i la r  o r low passage h i s t o r i e s ,  B an a tv a la , P o t t e r  and 
B est ( l9 7 l ) j  hoT/ever were ab le  to  dem onstrate  a  s ig n i f ic a n t  d if f e r e n c e  
in  th e  in te r f e r o n  induced  in  c u ltu re  by one low passage s t r a i n ,  KO-1 , 
when compared to  s t r a in s  o f s im ila r  h i s to r y  and to  h ig h ly  p assaged  
a t te n u a te d  s t r a i n s .
I t  was decided  th a t  a  com parison o f c e r t a in  in  v i t r o  and in  v iv o  
p ro p e r t ie s  o f s t r a in s  o f r u b e l la  v iru s  from v a r ie d  so u rc e s , w ith  s im i la r  
passage h i s to r i e s  to g e th e r  w ith  th e  th re e  a tte n u a te d  v acc in e  s t r a i n s  m ight 
prove in te r e s t in g .  C e r ta in ly  some v a r ia t io n  in  b io lo g ic a l  p ro p e r t ie s  
between th e  s t r a in s .h a d  a lre a d y  been dem onstra ted , p laque  morphology in  
GL-RK, ' c e l l s  b e in g  th e  most w e ll documented, b u t i t  was n o t known how 
such p ro p e r t ie s  cou ld  be in f lu e n c e d  by d if f e r e n c e s  in  th e  c u l t u r a l  
h i s to r i e s  o f th e se  s t r a i n s ,  th u s  a  s h o r t  in v e s t ig a t io n  was c a r r ie d  out on 
th e  in f lu e n c e  o f p a ssa g e . A com parison o f c y to p a th o g e n ic ity  i n  GL-RK^ 
c e l l s ,  to g e th e r  w ith  s e v e ra l  o th e r  c e l l  system s .in  common u se  was •' 
u n d e rtak en , as was a  su rv ey  o f th e  th e rm al s t a b i l i t y  o f s e le c te d  s t r a i n s ,  
f o r  K is t l e r  and S ap a tin o  (1972) had su g gested  th a t  th e  a p p a re n tly  low 
s e n s i t i v i t y  o f r u b e l la  to  h ig h  tem p era tu res  m ight be a  fu n c tio n  o f 
a d a p ta tio n  o f th e  v iru s  and m ight th e re fo re  d i f f e r  betw een s t r a i n s  o f 
v a r ie d  h i s to r y .  Huygelen e t  a l  ( 1969) and Oxford ( 1969) had p re s e n te d  
evidence t o  show d if fe re n c e s  in  th e  im m unogenicity o f  s t r a i n s  o f r u b e l l a  
v iru s  in  r a b b i t s ;  t h i s  p ro p e r ty  was compared f o r  the  th re e  v a cc in e  s t r a i n s  
and f o r  low pass  s t r a in s  o f s im i la r  h is to r y .  The a n t i s e r a  y ie ld e d  by 
such experim ents were th e n  employed f o r  sim ple com parisons o f th e  a n tig e n s
or eacn oi m e  ruD erra  s tra in s  u n ae r s tu a j*  . no gross serorogrcar 
v a r ia t io n  has been dem onstrated  f o r  r u b e l la  v iru s ,.h o w e v e r , th e  more 
s e n s i t iv e  tech n iq u es  such as k in e t ic  n e u t r a l i z a t io n  (McBride* 1959) 
had n o t been employed, th e re fo re  a  com parison by t h i s  method ?;as u n d ertak en  
in  t h i s  p r o je c t .  Comparisons o f p laque morphology in  GL-RK^ c e l l s ,  
e s tim a tio n  o f growth c u rv e s , th erm al s t a b i l i t y ,  and n e u t r a l i s a t i o n  
in d ic e s  re q u ire d  a r e l i a b l e  and re p ro d u c ib le  plaque t e s t  o f good 
s e n s i t i v i t y ,  th u s  an in v e s t ig a t io n  of th e  f a c to r s  in f lu e n c in g  th e  GL-KK^ 
plaque t e s t  system  to g e th e r  w ith  a  d e te rm in a tio n  of th e  optimum • 
co n d itio n s  o f o p e ra tio n  were u n d ertak en .
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A ssay o f V ir a l  I n f e c t i v i t y  by th e  p laque 
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r u b e l la  v iru s  produced a  c y to p a th ic  e f f e c t  in  GL-RK.„ c e l l s  which le dip
d i r e c t ly  to  th e  a p p l ic a t io n  o f t h i s  c e l l  system  by T aylor-R obinson , 
McCarthy, G ry lls  and O’Ryan ( l9 6 4 ) i to  two p laque te c h n iq u e s ; th e  f i r s t  
g iv in g  m acroplaques a t  5 to  7 days under an ag ar o v e rla y  and th e  second 
g iv in g  m icrop laques a t  50-60 hours under a  f l u i d  medium. The 
m icroplaque tech n iq u e  was len g th y  and n e c e s s i ta te d  a  count o f a l l  th e  
f o c i  in  a  c u l tu re  under low power m a g n if ic a tio n  w h ils t  th e  m acroplaque 
method could  be counted q u ic k ly  by th e  naked eye a f t e r  rem oval o f th e  
o v e rlay  and s ta in in g  o f th e  c e l l  s h e e t .  Both tech n iq u es  were found 
to  be r e l i a b l e  in  th e  experien ced  hands o f th e  o r ig in a l  authors*, b u t ' 
o th e rs  have found i t  n e ce ssa ry  to  m odify th e  o r ig in a l  tech n iq u e  i n  
o rd e r to  o b ta in  re p ro d u c ib le  r e s u l t s .  For example, P lo tk in  ( 1965)
■ V
found th a t  optimum r e s u l t s  were o b ta in ed  i f  th e  c e l l  sh e e t were s ta in e d  
w ith  n e u t r a l  re d  in  a  second o v e rla y  in tro d u ced  a t  th e  7 th  to  8 th  day, 
and th a t  lacta lbum en  h y d ro ly sa te  in  th e  o v e rla y  in  p la c e  o f and. 
c a l f  serum, y ie ld e d  e q u a lly  good r e s u l t s ,  F ogel e t  a l  ( 1969) showed 
th a t  h ig h e r p laque counts and more uniform  plaque morphology cou ld  
be ach ieved  i f  agarose  o r carboxy m ethyl c e l lu lo s e  re p la c e d  a g a r  as  
th e  s o l id i f y in g  a g e n t. Hekker, Huisman and Jo n g e lin g  ( 1969) r e p o r te d  
optimum r e s u l t s  under ag a r o v e rlay s  c o n ta in in g  199 > c a l f  serum and 
skimmed m ilk , th e  l a t t e r  b e in g  in c o rp o ra te d  to  enhance th e  c le a rn e s s  
o f th e  p laques when th e  c e l l  sh e e t was s ta in e d .
Few o th e r  r e p o r ts  o f th e  f a c to r s  a f f e c t in g  r u b e l la  p laque  
form ation: in  GL-RK^ c e l l s  appear in  th e  l i t e r a t u r e ,  T ay lor-R obinson  
e t  a l  ( 1964) s t a t e d  th a t  th e  p re c is e  appearance o f th e  p laq u es  cou ld  
be in flu en c ed  by th e  s t r a i n  o f GL-RK^ c e l l s  u sed , th e  in c u b a tio n  
tim e and th e  d e n s ity  o f th e  m onolayer, Hekker e t  a l  ( 1969) found th a t  
in  t h e i r  p laque tech n iq u e  th e  c o n c e n tra tio n  o f skimmed m ilk' and sodium 
b ic a rb o n a te  were c r i t i c a l  f o r  p laque fo rm atio n  and th a t  once an  optimum
i n  o rd e r to  ensu re  th e  r e p r o d u c ib i l i ty  o f th e  r e s u l t s .  In  t h i s  
la b o ra to ry  th e  o r ig in a l  method o f Taylor-R obinson e t  a l  ( 1964) was 
in v e s t ig a te d  u s in g  th e  s tan d a rd  c o n tro l v iru s e s  SI (RA27/ 3 ) and 
ARl (HPV-77), A m odified  tech n iq u e  was developed which produced a  
system  fo r  th e  com parison o f th e  plaque c h a r a c te r i s t i c s  o f d i f f e r e n t  
s t r a in s  o f r u b e l la  v iru s  and a  r e l i a b l e  i n f e c t i v i t y  a ssa y .
jviatjeriaxs ana w e  oiiuus
1) C e ll and T issu e  c u l tu re s
The c e l l  system s u t i l i z e d  in  t h i s  in v e s t ig a t io n  a re  l i s t e d  in  
T ables l ( a )  and l ( b ) .  D e ta i l s  o f th e  so u rce , c o n d itio n s  o f  s u b c u ltu re , 
growth and m aintenance req u irem en ts  a re  in c lu d e d . A ll  m edia and s e r a  
were su p p lie d  by Wellcome R eagents L td , ,  excep t f o e ta l  c a l f  serum 
which was o b ta in ed  from Flow L a b o ra to rie s  L td . A ll  media c o n ta in ed  
200 u n i ts /m l o f p e n i c i l l i n  and 100 u n its /m l o f  s trep to m y c in . In c u b a tio n  
was c a r r ie d  out a t  36. 5°C th roughou t u n le ss  o therw ise  s t a t e d .
P u l l  d e t a i l s  o f each medium c o n s t i tu e n t  and th e  equipm ent u sed  in  
t h i s  s tu d y  a re  g iven  in  th e  Appendix.
2) V iru s  s t r a in s
(a )  R u b e lla  v i r u s .
The s t r a in s  o f r u b e l la  v iru s  in c lu d ed  in  t h i s  s tu d y  a re  l i s t e d  
in  T ables 2 ( a ) ,  (b ) and (c )  w ith  d e t a i l s  o f t h e i r  o r ig in .  A ll  m a te r ia l  
was s to re d  a t  -70°C u n le s s  o th e rw ise  s t a t e d .  Samples re c e iv e d -fro m  o th e r  
la b o ra to r ie s  were im m ediately  s to re d  a t  -70°C u n t i l  th e y  cou ld  be examined 
in  a  GL-RK^ p laque which tim e the  m a te r ia l  was broken down
to  0.1m l volumes f o r  f u r th e r 's to r a g e  a t  -70°C, o r passaged  th ro u g h  GL-RK^ 
c u l tu re s  to  y ie ld  a  secondary  p o o l. S t r a in s  s e le c te d  f o r  more d e ta i l e d  
exam ination  were typed  as r u b e l la  v iru s  a g a in s t  s tan d a rd  hyperimmune .. 
an tise ru m  to  th e  Edmund s t r a i n  o f  r u b e l la ,  o r human r u b e l la  co n v a le sce n t 
serum.
(b ) H6 V irus
Pools o f bovine e n te ro v iru s  M6 (D raper and L aurence, 1969) '.
were produced in  p rim ary  E ry th rocebus P a ta s  monkey k idney  t i s s u e  c u l tu r e s .  
Samples o f each po o l were t i t r a t e d  in  th e  same t i s s u e  type  and th e  m a te r ia l  
h e ld  in  0.5m l a l iq u o ts  a t  -20°C .
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I s o la t io n  from th r o a t  o r n a s a l  swabs:
The swab was im m ediately  p laced  in  1 m l. o f t r a n s p o r t  medium, 
which c o n s is te d  o f E ag les BME, .0 .1 1 $  ITaHCO ,^ double s t r e n g th  a n t ib io t i c s  
and Solupro  (degraded g e la t in  s t a b i l i z e r ) ,  and was e i t h e r  c u ltu re d  
im m ediately  o r s to re d  a t  -70°C u n t i l  c e l l  c u l tu re s  were a v a i la b le .
Swabs were th o ro u g h ly  squeezed ou t in to  th e  t r a n s p o r t  medium and
0 .2  m l. a l iq u o ts  were in o c u la te d  in to  2 o r 3 tube  c u l tu re s  o f  p rim ary
monkey k idney  and GL-RK.^ c e l l s .  Where p o s s ib le  0 .1  m l. volumes were
a ls o  in o c u la te d  onto c o n flu e n t GL-RK-_ p la te s  which were th e n  o v e r la id
in  th e  norm al manner (see  l a t e r ) .  Monkey k idney  c u l tu re s  were
h a rv e s te d  a t  10 days and th e n  ch a llen g ed  w ith  M6 bovine e n te ro v iru s  i n
o rd e r to  d e te c t  th e  p resence  o f r u b e l l a .  GL-HK- c u l tu re s  were examined
• 13
d a i ly  from 5 -  14 days p o s t in o c u la t io n  f o r  th e  appearance o f  cp e , 
p o s i t iv e  c u l tu re s  were h a rv e s te d  when th e  cpe was maximum, w h i ls t  n e g a tiv e  
c u l tu re s  were h a rv e s te d  a t  th e  end o f th e  o b se rv a tio n  p e r io d . GL-RK-^ 
p la te s  were f ix e d  and s ta in e d  a t  7 days and examined f o r  th e  p re sen ce  o f  ' 
p la q u e s . Samples a p p a re n tly  n e g a tiv e  on th e  f i r s t  passage  were 
su b je c te d  to  a  f u r th e r  two s u b - in o c u la t io n s  to  confirm  th e  absence o f  
r u b e l la  v i r u s .
I s o la t io n  from n a s a l  washing^
1 ,0  m l. o f  0 .85^  S a lin e  was in tro d u ce d  in to  each n o s t r i l  o f  th e  
s u b je c t and th e  e f f lu e n t  c o l le c te d  i n  a  sm all enamel bow l. 1 m l. o f  
th e se  washings was added to  1 .0  m l. o f  double s tre n g th  t r a n s p o r t  medium, 
and handled  in  th e  manner d e sc rib e d  above, (M offat, Gould, F o rb es , 
'F re e s to n e  and M acdonald, 1972).
I s o la t io n  from t i s s u e
Sm all p ie c e s  o f s e le c te d  t i s s u e  were f i n e ly  minced in  1 .0  m l. 
volumes o f t r a n s p o r t  medium w ith o u t Solupro  s t a b i l i z e r .  The sam ples 
were su b je c te d  to  3 cy c le s  o f f r e e z in g  and thaw ing and c l a r i f i e d  by
Solupro  s t a b i l i z e r  a t  a  f i n a l  c o n c e n tra tio n  o f  5f° added f o r  s to ra g e
and th e  sam ples were t r e a te d  as d e sc rib e d  above,
4) P ro d u c tio n  o f poo ls o f th e  s tan d a rd  c o n tro l  r u b e l la  v i ru s  s t r a in s
A R /l/lB ; HPV 77 s t r a i n  re c e iv e d  from D r, H, Meyer o f th e
D iv is io n  o f B io lo g ic a l S ta n d a rd s , passaged  a t  th e  Wellcome R esearch  
L a b o ra to rie s  in  E ry th rocebus p a ta s  monkey k idney  c u l tu r e s .  V iru s  
h a rv e s te d  a f t e r  two passages was s t a b i l i z e d  w ith  s o r b i to l  and degraded 
g e la t in  and f re e z e  d r ie d ,
SI ; RA27/3 s t r a i n  re c e iv e d  from D r, S, P lo tk in  o f  th e
W ista r I n s t i t u t e  a t  th e  25 th  passage  le v e l  was passaged  in  WI-58 c e l l  
c u l tu re s  a t  th e  Wellcome R esearch  L a b o ra to r ie s , V iru s h a rv e s te d  a f t e r  
fo u r  p assages was s t a b i l i s e d  and f re e z e  d r ie d .
5) P ro d u c tio n  o f s to ck s  o f s e le c te d  s t r a in s  o f r u b e l la  v iru s
The 6 s t r a in s  s e le c te d  f o r  d e ta i le d  s tu d y  were HPV-77* RA27/3* 
C en d e h ill, Dunning, Thomas and L es ley . Working poo ls  o f th e se  s t r a in s  
were produced in  Vero c u l tu r e s ,  (L iebhaber, R iordan  and Horstm ann, 1967)# 
Roux b o t t l e s  o f  Vero c e l l s  were d ra in e d  of medium a t  3 to  4 days o ld  
and were washed 3 tim es w ith  seru m -free  m aintenance medium. Each o f  5 
b o t t l e s  re c e iv e d  5 hlL* inoculum  o f th e  chosen s t r a i n  a t  a  p assag e  le v e l  
expected  to  r e p l i c a t e  s u f f i c i e n t l y  w e ll to  g ive  adequate i n f e c t i v i t y  
t i t r e s  (see  S e c tio n  I I I ) ,  The inoculum was allow ed to  adso rb  f o r  30 
m inutes a t  36*5°C b e fo re  th e  c u l tu re s  were re fe d  w ith  se ru m -free  medium,
and a f u r th e r  change was c a r r ie d  out a t  24 hours to  ensu re  t h a t  l i t t l e
serum rem ained i n  th e  c u ltu re  f l u i d .  At 5 days p o s t - in f e c t io n ,  th e  
f l u i d  was h a rv e s te d , poo led  from th e  f iv e  v e s s e ls  and d isp en sed  in  2 m l. 
volumes which were s to re d  a t  -70°C. The c e l l s  from in fe c te d  c u l tu r e s  
were scraped  in to  2 m l. o f f lu i d  h a rv e s t ,  an equal volume o f g ly c in e  
b u f f e r  a t  pH 10 was added and th e  whole was s e t  a t  36*5°0 18 ^0 24
hours to  a llow  e x tr a c t io n  o f th e  a n tig e n . The c e l l  su sp en sio n s  were
CO  ^ b a th , poo led  and spun l i g h t l y  a t  800 rpm on  an M#S.E. .Minor 
c e n tr ifu g e  to  remove g ro ss  c e l l u l a r  d eb ris*  The su p e rn a ta n t was 
s to re d  in  0 ,1  m l. volumes and h e ld  a t  «20°C. A liq u o ts  o f  f l u i d  
h a rv e s ts  were t i t r a t e d  f o r  i n f  a c t i v i t y  by th e  p laque t e s t  and sam ples 
o f th e  a lk a l in e  e x t r a c t  were assayed  f o r  haem agg lu tin in  c o n te n t .
On some occasions th e  haem agg lu tin in  o r v iru s  t i t r e  was n o t co n sid e red  
adequate  and f u r th e r  c u l tu re s  were in fe c te d  w ith  th e  h a rv e s te d  m a te r ia l  
and th e  p ro cess  re p e a te d . The passage le v e l  a t  which each p o o l was 
produced i s  l i s t e d  in  Table 3* to g e th e r  w ith  d e t a i l s  o f th e  p re v io u s  
h is to r y  and t i t r e  o f each s t r a i n .
STRADT PREVIOUS HISTORY
PASSAGE LEVEL 
TITRE AT WHICH PO 
INFECTIVITY
nsr VERO +  - 
OL WAS LAID DOWN 
HA
RA27/3 PASS 30 in  •
____ _ M B „  __ .....
PASS 2 a t  * 
5 .45n fu /o .5m l
PASS 3 a t  * 
64 HAU
BP7-77
PASS 78 in
Monkey k idney  
t i s s u e
PASS 5 a t  
6,20D fu/0.5m l
PASS 5 a t  
128 HAU
0E1IDEHILL
PASS 53 i n  
VRK
. PASS 3 a t  
6 .50p fu /0 .5m l
PASS 4 a t  
64 HAU
DUMHTG
PASS 6 in  
GL-RIL^
PASS 3 a t  
4#65nfu/0«,5ml
PASS 4 a t  
32/64 HAU
THOMAS
PASS 3 in  
GL-RK^
PASS 2 a t  
4 .68 p fu /0 .5 m l
PASS 3 a t  
128 HAU
LESLEY
PASS 1 in  .
Monkey k idney  
t i s s u e
PASS 2 a t  
4 .40o fu /0 .5m l
PASS 4 a t  
. ... ..3.2/64 HMJ
TABLE 3 . Passage h is to r y  and t i t r e  o f p o o ls  o f r u h e l la  v i ru s
6) S tandard  r u b e l la  a n t i s e r a  
A ntiserum  R50/70s
A r a b b i t  o f th e  C a l ifo rn ia n  s t r a i n  re c e iv e d  a course  o f in o c u la tio n s  
g iv en  a t  14 day in te r v a ls  in to  th e  e a r  vein* The inoculum  c o n s is te d  o f 
5 ml* o f th e  Edmund s t r a i n  o f r u b e l la  v iru s  (lO ^ '^ p fu /m l* ) grown in  
GL-RIL-, c e l l  c u ltu re s*  F o u rteen  days a f t e r  th e  f i n a l  in o c u la t io n  th e  
ra b b it-w a s  b le d  o u t, th e  serum se p a ra te d  and s to re d  in  1*0 ml* volumes 
a t  -20°C •
A ntiserura J27/5
This serum was c o l le c te d  from a  fem ale a d u lt  v o lu n te e r  12 months • 
a f t e r  n a tu r a l  ru b e lla *  300 ml* o f whole b lood was ta k en , th e  serum 
s e p a ra te d , d isp en sed  in to  1*0 ml volumes and s to re d  a t  -70°C*
7) P laque t e s t  f o r  r u b e l la  v iru s  in  GL-RK.^ c e l l s
A) O rig in a l method
S tock  c u l tu re s  o f GL-RK^ (CTR) were grown and su b cu ltu red ' as
in d ic a te d  in  Table 1 (a)*  60 mm. p l a s t i c  d ish es  (F alco n ) were seeded
w ith  s u f f i c i e n t  c e l l s  to  become co n flu e n t in  2 to  3 d ay s, th e se  were
6norm ally  in  th e  o rd e r o f  2 .0  x  10 c e l l s  in  10 m l. The c o n flu e n t 
c u l tu re s  were d ra in e d  and washed once p r io r  to  in f e c t io n  w ith  b u ffe re d  
E ag les MEM which was a ls o  used  as d i lu e n t  fo r  v i r a l  t i t r a t i o n s .
A dsorp tion  o f th e  0 .2  m l. inoculum  was allow ed f o r  45 m inutes a t  room 
tem peratu re  b e fo re  in tro d u c tio n  .of 10 m is. o f o v e rlay  c o n s is t in g  o f 
E ag les MEM, 0 .088^ ITaHCO ,^ 2c/o f o e t a l  c a l f  serum and l/£ D ifco  Noble A gar. 
The o v e rlay  was allow ed to  * s o l id i f y ,  b e fo re  th e  c u l tu re s  were r e tu rn e d  
to  in c u b a tio n  a t  36*5°C in  an atm osphere o f 5c!° i n  a i r .  Sample;
p la te s  were removed from 5 to  8 days p o s t in f e c t io n  and s ta in e d  w ith  
c r y s ta l  v io le t  in  fo rm alized  phosphate b u ffe re d  s a l in e  a f t e r  rem oval o f 
th e  o v e rla y . A ll  th e  p la te s  were s ta in e d  when th e  p laq u es  were th ough t 
to  be optimum in  th e  sample c u l tu re  which was u s u a l ly  6 o r 7 days p o s t
made from 3 p la te s  a t  each d i lu t io n  and exp ressed  as p fu /0 .5 m l.
B) M odified  Method
The t e s t  was c a r r ie d  out in  35' ce? 60 mm* F a lco n  p l a s t i c  p e t r i
d is h e s , seeded w ith  s u f f i c i e n t  c e l l s  to  form a  co n flu en t m onolayer in
672 h o u rs , t h i s  was norm ally  in  th e  o rd e r o f 1 x 10 c e l l s  f o r  a  35 mm* d is h  
6o r  1*5 -  2*0 x  10 c e l l s  f o r  a  60 mm* d is h  co n ta in ed  in  3 and 8 ml* o f 
growth medium re s p e c t iv e ly .  The' c u l tu re s  were in cu b ated  in  a  m od ified  
LTE c a b in e t a t  a  tem pera tu re  o f  32*5°C and a  hum id ified  atm osphere o f 5$
COg in  a i r ,  th u s  m a in ta in in g  a  pH o f 7*2 -  '7*4*
C onfluen t p la te s  were d ra in ed  and washed once w ith  b u ffe re d  
E ag les  MEM, such medium a ls o  b e in g  u sed  as v iru s  d i lu e n t .  The inoculum  
was in tro d u ced  onto  th e  c e n tre  o f th e  d is h  in  volumes o f 0 .1  m l. f o r  a  
35mm. and 0 .2  ml f o r  a  60 mm d is h .  A dso rp tion  was allow ed f o r  20-30 
m inutes a t  room tem p e ra tu re , b e fo re  th e  o v e rla y , h e ld  a t  a  tem p era tu re  
o f 50- 60°C, was in tro d u ce d , th e  re q u ire d  volumes b e in g  4 and 8 m l. f o r  
35 mm and 60 mm d ish es  r e s p e c t iv e ly .  The o v e rlay  medium c o n s is te d  o f 
E ag les  MEM, 0 .088$ NaHCO^, 2$ f o e ta l  o r agamma c a l f  serum , and 1$ D ifco  
Noble A gar. The p la te s  were ' l e f t  a t  room tem peratu re  f o r  15-20 m inutes 
b e fo re  b e in g  re tu rn e d  to  th e  c a b in e t ,  in  o rd e r th a t  th e  o v e rla y  m ight 
s o l id i f y  b e fo re  th e  d ish es  were moved. The in fe c te d  c u l tu re s  were 
in cu b a ted  fo r  7 d ays, a t  which tim e th e  o v e rlay  was removed and th e  c e l l  
sh e e ts  were f ix e d  and s ta in e d  w ith  c r y s ta l  v io l e t  in  fo rm a lized  phosphate  
b u ffe re d  s a l i n e .  • ,
Measurement o f p laque d iam eters  was c a r r ie d  out w ith  th e  a id  o f  a  
tr a n s p a re n t  r u le  over a  g la s s  topped box, ev en ly  il lu m in a te d  from below by 
a  f lu o re s c e n t  l i g h t  tube so u rc e . Samples o f th e  s tan d a rd  p o o ls  o f  HFV-77 
(AR1) and RA27/3 (S i)  were in c lu d ed  in  every  t e s t ,  to  se rv e  as a  c o n tro l  
f o r  th e  r e p r o d u c ib i l i ty  o f p laque s iz e s  and i n l e c t i v i t y  a ssay s  o b ta in ed  
in  th e  t e s t  system .
occasions in  s e p a ra te  p laque t e s t s ,  and when one s t r a i n  was compared-, 
to  a n o th e r th e y  were always b o th  examined on a t  l e a s t  one o ccasio n  in  one 
p laque t e s t .  The p laque s iz e s  quoted were based on th e  v a lu es  o b ta in ed  
from a  minimum o f 3 p la te s  in  any one t e s t ;
8) D ire c t  I n f e c t i v i t y  a ssa y  in  GL-RK^ c e l l s  in  m ic r o t i t r e  t r a y s
D ilu t io n s  o f v iru s  were made in  E ag les MEM growth medium c o n ta in in g  
5$ f o e t a l  o r agamma c a l f  serum + 0 .11$  ITaHCO .^ 0.5m l volumes o f each 
d i lu t io n  were added to  1 m l. a l iq u o ts  o f a  suspension  o f GL-RK^ c e l l s  
a t  a  c o n c e n tra tio n  o f 2 .5  x 10^ c e l l s /m l .  in  th e  same medium. The 
sam ples were mixed th o ro u g h ly  end 0 .1  m l. a l iq u o ts  o f each  d i lu t i o n  were 
added to  each o f 8 cups in  a  s t e r i l e  F alcon  p l a s t i c  m ic r o t i t r e  t r a y .
An u n in o c u la ted  c o n tro l o f medium and c e l l s  was a lso  in c lu d e d . The t r a y s  
were covered w ith  loose  f i t t i n g  p l a s t i c  l i d s  o r w ith  gas-perm eable  s e a l in g  
ta p s  and in cu b a ted  a t  32*5°C in  a  CO  ^ in c u b a to r . The c u l tu re s  were re a d  
on a l t e r n a t e  days up to  14 days p o s t in o c u la t io n  u s in g  an in v e r te d  
m icroscope. Y irus t i t r e s  were c a lc u la te d  by th e  method o f K arber (1931) 
and exp ressed  as TCD^o/0.5ml.
9) In d i r e c t  i n f e c t i v i t y  a ssa y  in  p rim ary  monkey k idney c e l l s  by th e
In te r fe re n c e  Technique
7-10 day o ld  p rim ary  P a ta s  monkey k idney  c u l tu re s  in  6U x  •§*' t e s t  tu b es  
were changed to  m aintenance medium ( l .5 m l / tu b e ) .  See Table 1 ( b ) .
D ilu tio n s  o f v iru s  were p rep a red  in  b u ffe re d  199 medium and 0 .5  m l. 
a l iq u o ts  were in o c u la te d  in to  th e  tu b e s , a  minimum o f 4 tu b es  p e r  d i l u t i o n  
be in g  used  and a  f u r th e r  6 tu b es  b e in g  re ta in e d  as u n in o c u la ted  c o n t r o ls .
The c u l tu re s  were in cu b a ted  on a  r o l l e r  ap p ara tu s  (Appendix) a t  36*5°0 .
The c u l tu re s  were examined f o r  c y to p a th ic  e f f e c t s  o f commonly o c c u rr in g  
monkey ag en ts  a t  7 days p o s t - in o c u la t io n  and i f  c le a r  were changed to  
f r e s h  medium. A fte r  a  f u r th e r  3 days th e  tu b es  were ag a in  changed to
100 o f th e  v i r u s .  The ch a llen g e  v iru s  7/as a ls o  t i t r a t e d  a t
t h i s  tim e in  c u l tu re s  o f th e  sane b a tch  which' had been r e ta in e d  f o r  
t h i s  p u rpose , 0 .5  m l. volumes o f th e  v iru s  d i lu te d  in  b u ffe re d  199 
medium b e in g  in o c u la te d  in to  tu b es  c o n ta in in g  1 .5  m l. o f medium.
P in a l  re a d in g s  were made a t  14-16 days p o s t in o c u la t io n  and t i t r e s  
were c a lc u la te d  by th e  method o f X arber ( 1931) an& ex p ressed  as 
B lD ^ /0 .5 m l. M6 t i t r e s  were ex p ressed  as TCD^^0.5m l.
10) T reatm ent o f s e r a  f o r  u se  in  o v e rlay  medium
Acid-washed K aolin  was brought to  pH7 "by re p e a te d  w ashing in  
phosphate b u ffe re d  s a l in e  and was p rep a red  as a 2 5 su sp en sio n  in  th e  
same b u f f e r .  The suspension  was s t e r i l i z e d  by a u to c la v in g  and added 
to  th e  serum sam ples in  a  3 to  1 r a t i o .  The K aolin-serum  m ix tu re  was 
shaken v ig o ro u s ly  and in cu b a ted  a t  room tem peratu re  f o r  20 m in u te s .
The K ao lin  was removed by c e n tr i f u g a t io n  a t  2000 rpm f o r  15 m inutes, 
on an M .S.S. M ajor c e n tr i fu g e .  The su p e rn a ta n t th u s  produced was a  
one in  fo u r  d i lu t io n  o f th e  o r ig in a l  serum , and th e  volumes added to  
th e  o v e rla y  media were a d ju s te d  a c c o rd in g ly .
R e su lts
l )  In v e s t ig a t io n  o f f a c to r s  in f lu e n c in g  plaque fo rm atio n  
A) Source o f GL-RK.^ c e l l s
A m ycoplasm a-free l in e  o f GL-RIC^ (^IH) c e l l s  was compared
to  th e  la b o ra to ry  l in e  o f GL-RK^ (CTR) in  a  r u b e l la  p laque t e s t .
No d if f e r e n c e s  v/ere observed in  p laque  morphology o r p laque count
over a  s e r ie s  o f f iv e  t e s t s .  The GL-RiL^ (NIH) c e l l s  were s e le c te d
in  p re fe re n c e  to  th e  GL-RK^ (CTR) c e l l s  known to  be con tam inated
w ith  M .o ra le . GL-RK, _ (MRC) a ls o  contam inated  w ith  M .o ra le  and
M.hominis were compared to  th e  GL-RK^^ (NIH) l in e  in  th e  p laque  t e s t .
I t  was found th a t  th e  p laq u es  produced in  t h i s  l in e  were s m a lle r  th a n
th o se  seen  in  th e  GL-RKn,  (NIH) c e l l s ,  b u t th e  s iz e  d if f e r e n c e s  n o ted
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betw een s t r a in s  o f r u b e l la  v iru s  were s t i l l  a p p a re n t. F ig u re  1 .
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F ig u re  1 . P la q u e s  p ro d u ced  by H PV -77  and R A 27/3  
s t r a in s  in the  N1H and MRC l in es  of 
G L -R K 13 c e l l s ;  (A) HPV77 in N1H c e l ls  
(B) HPV77 in  MRC c e l l s  (C) RA 27/3  in 
N1H c e l l s  (D) RA 27/3  in  MRC c e l l s .
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fo r  in f e c t io n
i)*  Serum in c o rp o ra te d  in  th e  medium
Stock c u l tu re s  o f GL-RIC^ (iTIH) c e l l s  were grown 
on E ag les MEM supplem ented w ith  th e  u n in a c t iv a te d  s e r a ;  a d u l t  b o v in e , 
f o e ta l  o r agamma c a l f  serum. The average p laque s iz e  and count was 
determ ined  u s in g  3 s t r a in s  o f r u b e l la  v i r u s .  Four p la te s  grown on 
each serum were in o c u la te d  w ith  th e  s tan d a rd  c o n tro l v iru s e s  S I (RA27/3) 
o r ARl (EPV-77) 6 p la te s  v/ere in o c u la te d  'w ith  th e  Dunning s t r a i n .
The optimum s iz e  and c l a r i t y  o f p laques was o b ta in ed  in  c u l tu re s  grown 
on medium c o n ta in in g  a d u lt  bovine serum, th e  r e s u l t s  f o r  f o e t a l  and 
agamma serum b e in g  id e n t i c a l .  Table 4 shows th e  r e s u l t s  o b ta in e d  in  
p la te s  grown on u n in a c t iv a te d  a d u lt  bovine and f o e ta l  c a l f  serum , 
w h ils t  F ig u re  2 shows th e  p laque  morphology seen  in  th e se  two system s. 
Optimum r e s u l t s  were seen  in  c u l tu re s  grown on u n in a c t iv a te d  a d u l t  
bovine serum, th e re fo re  t h i s  serum was used  in  a l l  f u r th e r  grow th 
medium f o r  GL-KrL^ (NIH) c e l l s .
(A) (B)
F ig u re  2 .  S ta n d a rd  c o n tro l  v i ru s  AR1 (H P V -7 7 ) .  P la q u e s  
p ro d u ced  in m onolayers  of G L -R K -^  c e l ls  grow n 
on a) U ninac tiva ted  adult bovine s e r u m , 
b) U ninac tiva ted  foeta l ca lf  s e ru m .
CULTURES GROW OR METDIUM COUTAIITH'IG:-
ADULT BOVINE SERUM FOETAL CALF SERUM
STRAH'T OP VIRUS AVERAGE PLAQUE 110.
AVERAGE 
PLAQUE SIZE
AVERAGE 
PLAQUE 110.
AVERAGE. 
PLAQUE SIZE
HPV-77 (ARl)
RA27/3 (S i)
DUrUTIlTG AT P4 in-RK. •
15
52 .7
22 i0
55.6
2 . 00- 2 . 25i2m 
1 . 25mm 
2 . 25- 2 . 50mm
47 .0
14 .0  
29.5
2.00mm
0.75*"*l*Omm
2.0mm
TABLE 4 V a r ia tio n  in  p laque s iz e  and count o b ta in ed  in  c u l tu re s  
grown in  th e  p resen ce  o f v a r ie d  s e r a .
The optimum seed in g  r a t e  was determ ined in  a
com parative srudy  u s in g  35 mm d is h e s . C e ll c o n c e n tra tio n s  in  excess  
6o f 1 .5 -2 .0  x 10 c e l l s  in  8 m l. o f medium produced uneven m onolayers,
showing p a r t i c u l a r l y  heavy grow th in  th e  c e n tre  of th e  p l a t e .  T his
th ick en ed  a re a  e i th e r  deg en era ted  d u rin g  m aintenance o r adhered  c lo s e ly
to  th e  o v e rla y  and was damaged d u rin g  i t s  rem oval p r io r  to  s ta in in g .
C e ll sh e e ts  o f uneven d e n s i ty  s ta in e d  p o o rly  and produced c o n s id e ra b le
v a r ia t io n  in  p laque morphology. P la te s  re c e iv in g  le s s  th a n  0 .5 -0 .7 5  
6x  10 c e l l s  e i t h e r  d id  n o t re a c h  confluency  b e fo re  showing d e g en e ra tiv e
changes o r re q u ire d  lo n g e r th a n  3-5 days to  become co n flu e n t and o f te n
d id  n o t su rv iv e  th e  subsequent m aintenance p e r io d . A seed in g  r a t e
o f 1 x  10^ c e l l s  was s e le c te d  as g iv in g  an even m onolayer, c o n flu e n t
i n . 2-3 d ay s. A s im ila r  q u a l i ty  o f sh e e t cou ld  be o b ta in ed  in  60mm
6p la te s  seeded w ith  1 .5 -2 .0  x 10 c e l l s .  The volume o f c e l l  su sp en sio n  
used  to  seed  th e  p la te s  was a ls o  o f im portance; volumes in  excess o f 
4 to  5 m l. i n  a  35mm p la te  and 9-10 m l. in  a  60mm p la te  o f te n  r e s u l te d  
in  uneven m onolayers due to  ag g re g a tio n  o f c e l l s  p r io r  to  s e t t l i n g  
and a ls o  uneven s e t t l i n g  due to  co n v ec tio n  c u rre n ts  and wave m otions 
w ith in  th e  g r e a te r  dep th  o f f l u i d ,  p o s s ib ly  s e t  up by v ib r a t io n s  in  th e  
in c u b a to r . The optimum q u a l i ty  p f c e l l  sh e e t was o b ta in ed  u s in g  volumes 
o f 3 o r 4 m l. f o r  a  35mm d is h  and 8 m l. f o r  a  60mm d is h .  G reat c a re  
had to  be e x e r c is e d 'to  ensure  th a t  th e  c e l l  su spension  was ev en ly  
d ispensed  b e fo re  s e t t l i n g  out as the  c e l l s  showed a  tendency  to  
accum ulate i n  th e  c e n tre  o f th e  p la te  due to  th e  c i r c u la r  m otion in  th e  
f lu i d  when th e  p la te s  were moved. G entle ro ck in g  o f th e  p la te s  as  th e y  
were loaded  in to  th e  in c u b a to r  helped  to  overcome t h i s  problem . In  
o rd e r to  dem onstrate  c le a r  un ifo rm  p laq u es  o f any s t r a i n  o f r u b e l l a  v i r u s ,  
a  com plete ly  co n flu e n t even m onolayer o f GL-RIG^ c e l l s  was n e c e s sa ry .
i i i )  In c u b a tio n  c o n d itio n s
I t  was n e c e ssa ry  to  avo id  d i r e c t  t r a n s f e r  o f  h e a t 
from th e  copper tra y s  o f th e  in c u b a to r , which was though t to  damage 
Vero c u l tu re s  in  Falcon  p l a s t i c  (R oss, p e rso n a l communication 1968) ,  
th u s  a l l  d ish e s  were l a id  on 0 . 25" th ic k  p e rsp ex  tra y s  b e fo re  b e in g  
p laced  in  th e  in c u b a to r . I t  was n o ted  th a t  Falcon  p l a s t i c  cou ld  be 
warped when p laced  d i r e c t l y  on m eta l sh e lv e s  and th u s  cou ld  r e s u l t  i n  
uneven s e t t l i n g  o f c e l l s .  The -18" square  perspex  t r a y s  were d r i l l e d  
th rough  a t  2M in te r v a ls  w ith  h o les  to  a llow  f r e e  c i r c u la t io n  o f th e  
a tm o sphere-w ith in  th e  c a b in e t .  W here-it-w as n e ce ssa ry  to  s ta c k  t r a y s ,  
su p p o rts  were in c lu d ed  which allow ed a t  l e a s t  1" c lea ra n c e  betw een upper 
and low er t r a y s ,  .o therw ise v a r ia t io n s  in  th e  pH of th e  medium o ccu rred  
due to  poor gas c i r c u la t io n .  A second pump f o r  c i r c u la t in g  th e  
atm osphere w ith in  th e  in c u b a to r  was in c lu d ed  in  o rd er to  p re v e n t 
la y e r in g  o f th e  CO2 gas in  a  f u l l  c a b in e t .  F ig u re  3 shows th e  
c i r c u la t io n  and pH m o n ito rin g  s e t  up in  th e  m odified  L .T .E . in c u b a to r .
The s e t  up was such th a t  th e  flow  o f CC  ^ gas to  th e  c a b in e t was c o n tro l le d  
by a  pH m eter which tu rn e d  on th e  COg flow  as th e  pH ro se  and sw itch ed  
o f f  as i t  f e l l  back to  7*2. The system  could  be used  w ith o u t th e  pH 
m eter c o n tro l  w ith  some su ccess  sim ply by m a in ta in in g  a  v e ry  slow  flow  
o f gas to  th e  c a b in e t and f lu s h in g  w ith  more CO  ^ i f  th e  c a b in e t was opened.
F igu re  3 .  c ircu a^tion an^ m onitoring system  in L . T . E .  in cu b ator.
a : a ir  f ilte rs
v: gas v a lv e , operated by pH m eter
f: gas flow ind icator bottle
w : w ater trap
P: pump
i: pH ind icato r medium and pH probe
m: pH m eter and gas flow control
t : w ater tra y  for humidification
incubator
C) C ond itions fo r  in f e c t io n  and maintenance', o f m onolayers
i )  Washing o f m onolayers
I t  was n o ted  th a t  th e  p laques seen  in  c u l tu re s  which had 
n o t been washed p r io r  to  in f e c t io n  were sometimes s m a lle r  and le s s  d i s t i n c t  
th a n  th o se  seen  in  washed m onolayers, a ls o  p laque coun ts were sometimes 
a p p re c ia b ly  low er, a lth o u g h  t h i s  may have been a  r e f l e c t i o n  o f th e  
d i f f i c u l t y  o f co u n tin g  in d i s t i n c t  p la q u e s . I t  was d ecided  th a t  a l l  
m onolayers must be washed a t  l e a s t  once p r io r  to  in f e c t io n ,  f i r s t l y  to  
remove accum ulated c e l l u l a r  d e b r is  which cou ld  damage o r obscure th e  c e l l  
sh e e t when s ta in e d  and second ly  to .rem ove th e  a d u lt bovine serum u sed  f o r  
grow th o f th e  m onolayers f o r  i t  was o c c a s io n a lly  found th a t  t h i s  serum 
co n ta in ed  n o n -s p e c if ic  in h ib i to r s  o f r u b e l la  v i r u s .  :
(See p a rag rap h  iv  ( a ) ) .
. i i )  Volume o f inoculum
A dose-resp o n se  curve was c o n s tru c te d  f o r  4 volumes o f 
inoculum  f o r  th e  S I (RA27/3) azicL -&R1 (HPV—77) S tandard  C o n tro l v i r u s e s ,  
F ig u re  4* Inoculum volumes g r e a te r  th a n  0 ,1  p la t e  gave p laque
counts low er th a n  th e  expected  number. An inoculum volume o f 0 .1  m l. 'was 
adopted fo r  a l l  f u r th e r  work.
i i i )  A dsorp tion  tim e
T h ir ty  s ix  p la te s  o f GL-RK^ were each in o c u la te d  w ith  a  
c o n s ta n t volume o f one d i lu t io n  o f th e  s ta n d a rd  v iru s  S I (RA27/3)#
Groups o f 6 p la te s  were o v e r la id  a f t e r  s ta t e d  p e rio d s  o f  a d so rp tio n  from 
10 to  60 m inutes as room te m p e ra tu re . F ig u re  5 shows th e  average  p laque  
counts o b ta in ed  between 10 and 60 m in u tes . Maximum p laque  co u n ts  were 
reached  a f t e r  20 m inutes a d so rp tio n .
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F igu re 4 .  T h eoretica l and actual plaque counts from 4  
volum es of inoculum of S I  (R A 27/3) standard  
v iru s and AR1 (H PV -77) standard v iru s in  
GL-RK-^2 ceILs •
A T h eoretica l plaque count for S I  v iru s  
# Actual plaque count for S I  v iru s420
A T heoretica l plaque count for AR1 v iru s
°  Actual plaque count for AR1 v iru s360
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Figure 5 . Relationship of adsorption time to average number of 
plaques appearing per p la te .
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PERIOD OF ADSORPTION IN MINUTES
iv )  O verlay Medium
a )  Serum -
F o e ta l  and agamma c a l f  serum, a d u lt bovine, r a b b i t
and goat were u sed , 'both b e fo re  and a f t e r  tre a tm e n t w ith  K ao lin  powder,
in  th e  o v e rla y  medium. 3 x  60mm p la te s  each in o c u la te d  w ith  0 .2 m l. o f
th e  same d i lu t io n  o f th e  s ta n d a rd  v iru s  AR1 (HPV-77) were in c lu d e d  in  .
each serum group . Use o f a d u l t  b o v ine , r a b b i t  or goat serum in  th e
o v e rla y  r e s u l te d  in  a  re d u c tio n  in  th e  s iz e  and q u a l i ty  o f th e  p la q u e s .
Table 5* P r io r  tre a tm e n t o f  th e se  s e ra  w ith  K ao lin , improved th e  r e s u l t s
b u t d id  n o t g ive  p laques as s a t i s f a c to r y  as th o se  ob ta in ed  w ith  agamma
c a l f  serum . I t  should  be no ted  th a t  th e  use- o f d i lu te d  K a o l in - t r e a te d
serum n e c e s s i ta te d  re d u c tio n  in  th e  d i s t i l l e d  w ater used  to  make up th e
o v e rla y  medium, and as th e  serum was d i lu te d  w ith  phosphate  b u f fe re d
s a l in e ,  th e  t o n i c i t y  o f  th e  medium was p ro b ab ly  a l te r e d  and th e  phosphate
co n ten t in c re a se d ; t h i s  may account f o r  th e  f a c t  th a t  K ao lin  tre a tm e n t d id
n o t r e s u l t  in  s e ra  g iv in g  optimum r e s u l t s .  O verlays c o n ta in in g  f o e t a l
c a l f  serum r e s u l te d  in  p laq u es  o f s im i la r  q u a l i ty  to  th o se  produced under 
medium c o n ta in in g  agamma c a l f  serum.
SERUM HI OVERLAY.
UNTREATED SERUM KAOLIN. TREATED SERUM'
PLAQUE SIZE . PLAQUE COUNT Plaque s iz e PLAQUE COUNT
Agamma C a lf • 2 . 00- 2 . 25mm 83 2.00r*2. 25mm 80.5
Adult Bovine 1 .2 5 -1 .50mm 57 1 . 50- 1 . 75mm 72
B abbit 0 . 50- 1 . 00mm ND * . 1 . 00- 1 . 25mm ND
Goat 0 . 50- 1 . 00mm m 1 .0 0 -1 .25mm •. • ND
TABLE 5 The p laque s iz e  and average count o f  AP.l (HPV-77) v i r u s  o b ta in e d  
under ov erlay s  c o n ta in in g  v a r ie d  s e r a .
*  Hot done
b) Sodium B ic a rb o n a te .
Two concentrations of bicarbonate were compared, 
0.044$ and 0 .038$; standard dilutions of the two control viruses SI 
(RA27/3) and AR1 (HPV-77) were inoculated onto each o f 4 plates per 
bicarbonate sample. Size estimates quoted are the average from 20-30 
plaques.
A 'low er c o n c e n tra tio n  o f NaHCO  ^ i n  th e -o v e r la y  
r e s u l te d  in  a  re d u c tio n  and v a r ia t io n  in  th e  s iz e  and c l a r i t y  o f  th e  
p la q u e s . Table 6 . Once th e  d e f in i t io n  o f th e  p laques became reduced  
and v a r ia b le  i t  was d i f f i c u l t  to  make an a c c u ra te  count and u s e f u l  
assessm ent o f p laque s iz e .
STRAIN OF RUBELLA
PLAQUE SIZE UNDER OVERLAYS C01TTAHTHTG
0 . 044$  NaHCO^ 0.088$ ITaHCO^
31 (RA27/3) 
ARl(HFV-77)
0 .75  -  1 . 50mm- 
1 .00  -  2 . 00mm
1 .00  -  1 . 25nnn .
2 .00  -  2 . 25mm
' TABLE 6 . The e f f e c t  o f sodium b ic a rb o n a te  c o n c e n tra tio n
in  th e  o v e rla y  on th e  p laque s iz e  o f S I (KA27/3) 
and AR1 (HFV-77 ) v i r u s e s .  • . V
c ) Agar
U early  h a l f  o f th e  b a tch es  o f D ifco  Noble Agar 
encountered  in  t h i s  s tu d y  were found to  c o n ta in  some f a c to r  which 
in h ib i te d  optimum plaque fo rm a tio n . P laques o f v a r ia b le  and reduced  
s iz e  and count were o b ta in ed  f o r  S I (RA27/3) and AR1 (HPV-77) v i r u s e s ,  
th u s  a l l  b a tch es  o f ag ar were screened  a g a in s t  th e se  in  a  p laque  t e s t  
b e fo re  b e in g  accep ted  f o r  ro u tin e  u s e .
The D ifco  Noble Agar powder used th roughou t was made 
up a t  j/o ^ e ig h t/v o lu m e) c o n c e n tra tio n  in  d i s t i l l e d  w a ter and s to re d  in  
40 m l. volumes a t  4°C. Agar was m elted  im m ediately  p r io r  to  u se  and 
g re a t c a re  was tak en  th a t  th e  h e a tin g  p e rio d  should  n o t be lo n g e r th an  
n e c e ssa ry  and norm ally  d id  n o t exceed 15 m in u tes . l lo l te n  a g a r was 
m ain ta ined  in  a  60°C w a ter b a th  u n t i l  in c o rp o ra te d  in  th e  o v e rla y  medium 
f o r  immediate u s e . Unused ag a r was d is c a rd e d .
The volume and hence th e  d ep th  of o v e rla y  u sed , had 
a  marked e f f e c t  on p laque s i z e .  Table 7* Volumes o f 15 m l.,  o r le s s  
th a n  6 m l. in  a  60mm d is h  showed a re d u c tio n  and v a r ia t io n  in  p laque  s iz e  
and morphology, fu rtherm ore  th e  c e l l  sh e e ts  were le s s  uniform  and ten d ed  
to  d e te r io r a te  d u rin g  m ain tenance.
VOLUME OP OVERLAY SIZE OP HPV-77 PLAQUES
15 ml 1 .50  -  2 .00  mm
10 ml 2 .00  -  2.25  mm
8 ml 2 .00  -  2.25  mm
• 6 ml 1.75 -  2 .25  mm
5 ml
*
1.50  -  2 .00  mm
4 ml 1 .0  -  1.25  mm
TABLE 7* R e la tio n sh ip  o f volum e'and dep th  o f  o v e rlay  
to  s iz e  o f p la q u e s . 4 x 60mm p la te s  p e r  
sam ple, 30-40  p laq u es  p e r  p l a t e .
*  P laques v e ry  i n d i s t i n c t ,  edges n o t w e ll d e f in e d .
l ' l iu a  an  uv«i.'Xci,y v u x iu iie  u i  u in x . vraa u s c u  i u x  s i x  l o t  u u c x  wuj.\i\. h x  uu
60 mm p la t e s ,  s im ila r  r e s u l t s  were achieved  in  35 ehb p la te s  w i th  
o v e rla y  volumes o f 3 o r 4 m l. The o v e rlay  was in tro d u ced  onto  
th e  p la te s  a t  a  tem peratu re  o f  40~50°C, "because tem p era tu res  in  
excess o f t h i s  could  co n ce iv ab ly  in c re a se  in a c t iv a t io n  o f v iru s  
n o t f u l l y  adsorbed  o r damage th e  c e l l  sheet*  P la te s  were n o t 
moved to  th e  in c u b a to r  u n t i l  th e  o v e rlay  had g e lle d  as movement o f 
p la te s  c o n ta in in g  sem i-solid-m edium  could  e a s i ly  damage th e  c e l l  sheet*
v) In cu b a tio n  c o n d itio n s
Incubation was carried out at 32.5°C as the clarity of 
SI (RA27/3) plaques was optimum at this temperature, whilst the 
plaque size and counts of other strains did not differ between 32.5°C 
and 36*5°C* Monolayers of were infected with a standard
inoculum of SI (RA27/3) and AR1 (HPV-77) viruses and plates inoculated 
with each strain were stained daily from 3 to 7 days post inoculation. 
Figure 6 -shows' the percentage of plaques present each day taking the 
count at day 7 as 100$.. The optimum time of incubation was found to 
be within 6-8 days for 31 (RA27/3) and days 7 and 8 for AR1 (HFV-77)*
In  g e n e ra l day 7 ^as s e le c te d  as th e  optimum tim e o f s ta in in g ,  f o r  
a lth o u g h  th e  p laque s iz e  in c re a se d  a f t e r  t h i s  tim e th e  edges o f th e  
p laq u es began to  b reak  down making s iz e  e s tim a tio n  d i f f i c u l t ,  and sm all 
secondary  p laques appeared by th e  J th  and 10 th  day. M aintenance o f 
in fe c te d  c u l tu re s  beyond 10 days was im p ra c tic a l  due to  d e t e r io r a t io n  
o f  th e  c e l l  s h e e t .
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F ig u r e  6 .  In c r e a se  in  p laque count w ith  d ays
p o s t- in fe c t io n  •
1 4 0
H P V -7 7
R A 27/3
120  -
100  -
20 .
10
DAYS P O S T  INFECTION

2) S e n s i t iv i ty  o f th e  m odified  t e s t  as a  t i t r a t i o n  system '
A) D ose-response r e la t io n s h ip
Plate cultures were inoculated with increasing dilutions 
of SI (RA.27/3) and a vaccine pool of PA27/3 virus and the dose- 
response relationships obtained are shown in Figure 7• The results
suggest that the plaque count is directly related to the relative 
virus concentrations and that each plaque is specific and formed 
from a single infectious unit*
Figure 7. D ose-response line for two pools of RA27/3 v ir u s .
2 . 0
1.0 -
0 .5 --
1 .0 2.0 3 .0 4 .0
LOG10 DILUTION OF VIRUS
B) S p e c i f ic i ty  o f -plaques
Equal volumes of standard dilutions of SI (RA27/3) &nd- 
AR1 (HPY-77)-and varied dilutions of 2 rubella antisera were mixed 
and held at 32#5°C for 60 minutes, at which time 0,1 ml* volumes 
of each mixture were inoculated onto 2 x 35 plates of GL-RK^ cells# 
A similar mixture of each virus and pre-immune sera were treated in the 
same manner# Table 8 shows the average plaque count from each mixture#
■VIRUS/SERUM MIXTURE AVERAGE PLAQUE COUNT
_ 1 /4 ' 1/32 1/64 1/256 1/1024
RA27/ 3/R 5O/7O AS 0
*
1 .5  ED 18 ED
RA27/3/Pre~imniune 35 , ED ED ed ED
HFV-77/J27/3 AS m ED 23.5 45 65.5
HFV-J7/Pre-  immune ED IG) 79.5 ED ED
TABLE 8# R eduction  o f p laque count w ith  s p e c i f ic  R u b e lla  a n tis e ru m . 
* Not done.
i
The re d u c tio n  in  average count in d ic a te s  t h a t  th e  p laq u es  
were p ro b ab ly  due to  an in f e c t io n  w ith  r u b e l la  v i r u s .
C) R e p ro d u c ib i l i ty  o f th e  T est
i) V a ria tio n  o f th e  p lague count
The values for the titre of SI (RA27/3) and AR1 (HPV-77) 
were taken from 100 separate tests and the Standard Deviations calculated;
STRAIN OF NO.OF STANDARD fo + lxS.D . fo + 2xS.D. f  ■+ 3x3 .D.
VIRUS OBSERVATIONS • DEVIATION ' - -
Sl(RA27/3) 100 3.51 + 0.148. 69$ 93fo Tp
a r i(hfv~77) 100 3-55 + 0 .176 75/s 10 O?o -
TABLE 9* S tandard  d e v ia t io n s  f o r  t i t r a t i o n  o f s tan d a rd  poo ls  o f RA27/3 
and HPV-77 s t r a i n s ,  T i t r e s  o b ta in ed  as L o g ^ p fu /0 ,5 ® l In  100 
s e p a ra te  t e s t s  c a r r ie d  out on GL-RK^ (RUl) c e l l s .
The r e s u l t s  o f such an a ssa y  system  a re  co n sid e red  
s ig n i f ic a n t  i f  33/^  o f  a l l  o b se rv a tio n s  l i e  w ith in  one s ta n d a rd  
d e v ia t io n  of th e  mean, 6670 w ith in  two s ta n d a rd  d e v ia tio n s  and 99/  ^
w ith in  3 s ta n d a rd  d e v ia t io n s  from th e  mean, th u s  the  t i t r a t i o n  system  
under s tu d y  l i e s  w ith in  th e se  l im i t s .  In  t h i s  in v e s t ig a t io n  each  
p laque t e s t  in c lu d ed  an a ssay  o f th e  s ta n d a rd  p o o ls  o f v i r u s ;  t e s t s  
showing t i t r e s  fo r  th e se  p o o ls  which la y  more th an  3 S tandard  D ev ia tio n s  
from th e  mean va lue  quoted above were co n sid e red  in v a l id .
-L-L)  jrtiuuaau.v m a ox'xuuoxuxi ox pxauuti uuuxil.s vyj.uxij.ix uxit; .
test and between consecutive tests.
Histograms of the distribution of plaque counts obtained 
from a single dilution of AR1 (HPV-77) and SI (RA27/3) within one'plaque 
test and consecutive tests performed at weekly intervals are shown in 
Figures 8, 9 and 10. Figure 8 shows the distribution obtained within 
one test from the count of 48 plates each receiving 0.1 ml of one 
dilution of AR1 (HFV-77) virus. Figure 9 shows the distribution of 
plaque counts from 24 plates each receiving 0.1 ml of one dilution of 
SI (EA27/3) virus, within one test, whilst Figure 10 gives the 
distribution of SI (RA27/3) plaque counts from forty-eight consecutive 
tests containing 3 plates, each of which received 0.1 ml. of one 
dilution of virus. The histograms obtained show an acceptable 
distribution.
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D) Comparison w ith  a l t e r n a t iv e  methods o f a ssa y * '
' Table 10 show s-the t i t r e s  o b ta in ed  fo r  AR1 (HPV-77) v iru s  
in  th e  m odified  GL-RK^ p laque t e s t ,  th e  GL-RK^ m ic r o t i t r e  system  
and th e  P a ta s  In te r f e re n c e  t i t r a t i o n  system  c a r r ie d  out on 4 s e p a ra te  
occasions* The r e s u l t s  f o r  i n f e c t i v i t y  a ssa y  by th e  p laque t e s t  
compare fa v o u rab ly  w ith  th e  a l t e r n a t iv e  methods a v a ila b le *
TITRES OBTAINED FOR AR1 STANDARD VIRUS BY:-
GL-RK-_ PLAQUES 10 GL-RKt-  I.IICR0TITRSId . . . . ..
PATAS HTTERFEREUCE
3*52 pfu/0*5m l 
3*50 p f u /0 *5ml 
3*82 p fu /0 .5 ia l 
3*72 p f u /0 *5ml
3.57  TCD$0/0 .5 m l 
3 .32  TCD50/ 0 *5ml
3 .57  TCD50/0 .5 m l 
3 .70  TCD50/ 0 . 5ml
4 .00  HtD^o/0.5nil 
3*00 0 . 5^1
3 . 50 BID50/ 0 . 5ml
3 .50  IHD50/ 0 . 5ml
Mean:3-63 p f u /0 *5nil Mean:3 .54  TCD ^O .S m l Mean:3#50 HID^Q/0 . 5n l
TABLE 10 T i t r e s  o f s tan d a rd  c o n tro l  v iru s  p o o l, as de term ined
in  5 t i t r a t i o n  system s.
3) Methods o f  measurement o f th e  d iam eter o f p laques and 
th e  r e p r o d u c ib i l i ty  o f th e  v a lu es  o b ta in ed
The d l a r i t y  o f p laque formed by. any one s t r a i n ,  a t  a  p a r t i c u l a r  
passage  le v e l ,  a lth o u g h  c o n s ta n t w ith in  one t e s t ,  v a r ie d  in  co n secu tiv e  
t e s t s ,  as th e  number o f c e l l s  su rv iv in g  w ith in  the  p e rim e te r  o f th e  p laque  
v a r ie d .  O ccasio n a lly  sm all f o c i  o f d a rk e r s ta in in g  c e l l s  were seen  
w ith in  th e  p la q u e , F ig u re  11. W ith th e se  r e s u l t s  in  mind, i t  d id  n o t 
seem f e a s ib le  to  employ th e  more s o p h is t ic a te d  methods o f p laque  s iz e  
.measurement based  on th e  a ssa y  o f dye up take  by su rv iv in g  c e l l s .
( F in te r ,  I 969) .  U su a lly  measurement was sim ply  c a r r ie d  out w ith  th e  a id  
o f a  t ra n s p a re n t  r u l e r ,  th e  p la te  b e in g  supported  on a  g la s s  topped  box, 
ev en ly  il lu m in a te d  from below by a f lu o re s c e n t  tube l i g h t  so u rc e . The 
accu racy  o f th e  techn ique  was n o t s u f f i c i e n t  f o r  f in e r  m easurem ent, b u t 
p ro v id ed  a rea so n ab le  e s tim a te  o f th e  s iz e  range*
A p ro je c t io n  tech n iq u e  o f measurement was a ttem pted  w ith  th e  a id  o f a  ' 
sim ple pho tog raph ic  s l id e  p r o je c to r ,  however th e  m a g n ific a tio n  in v o lv ed  in  
p r o je c t in g  an image o f th e  c e l l  sh ee t onto a  sc ree n  was so g re a t  t h a t  a t  
h ig h  m a g n if ic a tio n  i t  was d i f f i c u l t  to  d is t in g u is h  th e  edges o f a  p laque  
and measurement became more d i f f i c u l t ,  see  F ig u re  12.
More r e c e n t ly  a  Z e is s -Je n a  p ro je c t io n  m icroscope became a v a i la b le  
a llo w in g  p r o je c t io n  w ith  m a g n if ic a tio n  from x  17*5 t o 'x  6 .5 - 
Measurements were re p e a te d  a t  th e  x6 .5  m a g n if ic a tio n  and. th e  ran g e  o f 
p laque s iz e s  quoted f o r  th e  in d iv id u a l  s t r a in s  were confirm ed . However, 
even a t  as low a  m a g n if ic a tio n  as x 6 .5  th e  edges o f th e  p laque were a g a in  
'd i f f i c u l t  to  lo c a te  e x a c tly  and e s tim a tio n s  were tak en  c o n s e rv a tiv e ly  
r e s u l t in g  in  m a rg in a lly  sm a lle r  v a lu es  f o r  th e  d iam eter o f th e  p laq u es  
examined.
F ig u res  13 to  18 show th e  d i s t r i b u t io n  o f p laque s iz e s  f o r  6 s t r a i n s  
o f r u b e l la  v i r u s ,  measured on th e  p ro je c t io n  m icroscope a t  t h i s  
m a g n if ic a tio n  w ith in  one t e s t  and between co n secu tiv e  e x p e rim en ts . The 
h istogram s o b ta in ed  show an acc e p tab le  s iz e  d i s t r i b u t io n .
F ig u re  11 . S ta n d a rd  c o n tro l  v i ru s  AR1 (H P V -7 7 ) .
F o c i  of d a r k e r  s ta in ing  c e l ls  within the 
p e r im e te r  of the p laq u es  •
F ig u re  12.  S tan d a rd  con t ro l  v i ru s  AR1 (H P V -7 7 ) .
P laq u es  p roduced  in G L -R K .  ~ ce l l s  , 
magnified x 10 .  ^
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F igure 1 4 . Frequency d istribution of plaque s iz e  of S I  (R A 27/3) 
Standard v ir u s ; (A) within one te s t  9 28 plaques 
m easured on one plate 9 (B) within con secu tive te s ts  9 
108 plaques m easured on 10 p lates 9 each from a 
separate  t e s t .
40
2 0  -
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4 0 -
(A)
CB)
2 0 -
0  -    i
7 .7  9 .2  1 0 .7  1 2 .3  1 3 .9
PLAQUE SIZE IN M M S#*10
F ig u r e  1 5 .  F r e q u e n c y  d is tr ib u t io n  o f  p la q u e s i z e  
o f C e n d e h ill v i r u s ; (A ) w ith in  on e  
t e s t ,  15  p la q u e s  m ea su re d  on o n e  p la t e ,
(B ) w ith in  c o n s e c u t iv e  t e s t s  , 38  
p la q u es  m ea su re d  on 4  p la te s  , ea c h  
from  a s e p a r a te  t e s t .  •
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F ig u re  16 F req u en cy  d istr ib u tio n  o f p laque s iz e  o f Sheppard  
v ir u s  9 (A ) w ithin  one te s t  9 18 p laq u es m easu red  
on one p la te  9 (B ) w ith in  c o n se c u tiv e  t e s t s  9 86  
p laq u es m easu red  on 11 p la te s  9 each  from a s e p a ­
ra te  t e s t .
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D is c u s s io n :-
T aylor-R obinson e t  a l  (19 64) suggested  th a t  th e  s t r a i n  o f GL-RK^
used  m ight w e ll in f lu e n c e  p laque fo rm atio n  and in  t h i s  s tu d y  i t  was
p o s s ib le  to  dem onstrate  p laque fo rm atio n  in  3 s t r a in s  o f GL-RK.._, 2 of
ip  •
which were contam inated  w ith  mycoplasma. The o r ig in a l  s t r a i n  re c e iv e d
from T aylor-R obinson , GL-RK.^ (CTR) showed p laques in d is t in g u is h a b le  from
th o se  seen  in  th e  G3L-RK^ (iTIH) l in e  re c e iv e d  from th e  U .S .A ., on ly  th e
GL-RK^ (URC) l i n e ,  o r ig in a l ly  propogated  a t  R .I .T . in  Belgium showed
p laq u es  which were sm a lle r  and c le a r e r  i . e .  w ith  few er c e l l s  s u rv iv in g
w ith in  th e  p e r im e te r . The d if f e r e n c e  in  p laque s iz e  betw een s t r a i n s  o f
r u b e l la  v iru s  was seen  in  a l l  th e  s t r a in s  o f GL-RK.,_ c e l l s  examined
ip
su g g es tin g  th a t  th e se  d if f e r e n c e s  we re  n o t p e c u l ia r  to  one c e l l  s t r a i n .
Taylor-R obinson (P e rso n a l communication 1969) ^ as proposed  th a t  th e  
n a tu re  o f th e  c y to p a th ic  e f f e c t  o f r u b e l la  v iru s  in  GL-RK^ c e l l s  r e q u ire s  
a  h ig h  p o p u la tio n  p re s su re  o f c e l l s  aground the  in fe c te d  fo c u s . In  tim e 
la p se  f i lm in g  (McCarthy, 1969) c e l l s  a re  seen  to  move in to  th e  in f e c te d  
a re a ,  p i l i n g  in to  th e  c h a r a c te r i s t i c  f o c i  which are  seen  in  d i r e c t  
v i s u a l iz a t io n  o r a re  removed w ith  th e  ag ar o v e rlay  in  th e  p laque  t e s t ,  
th u s  th e  d en se r th e  c e l l  p o p u la tio n  around th e  fo cu s , th e  h ig h e r  w i l l  be 
• th e  number o f c e l l s  moving in to  th e  in fe c te d  a re a  and th e o r e t i c a l l y ,  th e  
c y to p a th ic  e f f e c t  should  become more d i s t i n c t .  This id e a  would seem to  be 
supported  by th e  o b se rv a tio n s  no ted  h e re  w ith  th e  p laque t e s t ,  where 
optimum c l a r i t y  o f p laques was ach ieved  w ith  a  com pletely  c o n f lu e n t dense 
m onolayer. I t  has been re p o r te d  t h a t  to o  dense a  m onolayer can in h i b i t  
p laque fo rm atio n  (T aylor-R obinson e t  a l ,  1964) b u t t h i s  phenomenon was 
n o t seen  w ith  th e  c e l l  c o n c e n tra tio n s  used  in  th i s  in v e s t ig a t io n .  
O ver-seeded p la te s  m ain ta ined  p o o rly  and were u s u a lly  damaged, however 
i t  was no ted  th a t  th e re  was a  sharp  in c re a se  in  n o n -s p e c if ic  a g g re g a tio n  
and clum ping o f GL-RK^ c e l l s  in  an ov er-seed ed  c u ltu re  m a in ta in ed  u n d e r
r i u i d  o v e rla y , wni.cn co u ia  e a s i ly  masK tru e  cycopatn ic  e i i e c t s  ana  sucn 
a  phenomenon may occur in  th e  p laque t e s t  a t  h ig h e r c e l l  seed in g  r a t e s .
S e l le r s  and S tew art (1959) re p o r te d  th a t  washing o f p ig  k id n ey  c e l l  
m onolayers p r io r  to  in f e c t io n  w ith  fo o t and mouth d is e a se  v i ru s  cou ld  
r e s u l t  in  a  two fo ld  in c re a se  in  th e  p laque co u n t, however Cooper (1957) 
had shown th a t  such a  p rocedu re  could  even d ecrease  th e  p laque  count o f 
v e s ic u la r  s to m a t i t i s  v iru s  in  ch ick  embryo f i b r o b la s t s .  V a lle  (1971) 
was a b le  to  dem onstrate a  r e la t io n s h ip  betw een th e  age o f c h ic k  embryo 
f ib r o b la s t  c u ltu re  and th e  response  to  w ashing p r io r  to  in f e c t io n ,  
th e  o ld e r  th e  m onolayer th e  g re a te r  th e  in c re a se  i n  p laque count o f 
v e s ic u la r  s to m a t i t i s  v i r u s .  I t  has been shown in  t h i s  in v e s t ig a t io n  
th a t  th e re  i s  an enhancement o f c l a r i t y  o f th e  r u b e l la  p laq u es  and 
p o s s ib ly  o f th e  count o b ta in ed  in  GL-RIC^ c e l l s  which a re  washed p r io r  
to  in f e c t io n .  I t  was th ough t .tha t th e  e f f e c t  was due to  rem oval o f 
c e l l u l a r  d e b r is  and in h ib i to r s  p re se n t in  th e  serum used  f o r  grow th o f 
th e  m onolayers. U n fo rtu n a te ly , th e  com parison o f washed to  unwashed 
c u l tu re s  was n o t made a f t e r  grow th o f th e  m onolayers in  medium c o n ta in in g  
serum t r e a te d  to  remove such n o n -s p e c if ic  i n h ib i to r s .  Kato and Eggers 
(1969) re p o r te d  th e  appearance o f 2 f a c to r s  in  th e  medium from o ld e r  
ch ick  embryo f ib r o b la s t s  which could  enhance in te r f e r o n  p ro d u c tio n  and 
reduce s u s c e p t ib i l i t y  o f th e  c e l l s  to  v iru s  in f e c t io n .  I t  i s  p o s s ib le  
th a t  such f a c to r s  might in f lu e n c e  p laque p ro d u c tio n  in  a c e l l  system , 
thus w ashing o f m onolayers p r io r  to  in f e c t io n  may reduce th e se  f a c to r s  
and y ie ld  h ig h e r  p laque c o u n ts , the  enhancing  e f f e c t  o f w ashing b e in g  
th e n  r e la te d  to  th e  age o f th e  c u l tu re s  as re p o r te d  by V a lle  (1971)*
There a re  no re p o r ts  in  th e  l i t e r a t u r e  o f s im i la r  f in d in g s  in  o th e r  c e l l  
system s bu t e x is te n c e  o f such f a c to r s  m ight w e ll in f lu e n c e  p laq u e  
p ro d u c tio n  in  con tinuous c e l l  l in e s  such as th e  GL-RK^.
V alle  ( l9 7 f )  found th a t  th e  h ig h e s t r e l a t i v e  p laque coun ts  were 
ach ieved  in  h is  system , w ith  volumes o f inoculum  le s s  th a n  0 .05  m l, and
th a t  volumes in  excess or t m s  gave marKeaiy d iv e rg e n t r e s u r r s .
S im ila r  r e s u l t s  were found in  t h i s  s tu d y . V a lle  (1971) 
p o s tu la te d  th a t  th e  in c re a se d  d ep th , o f f l u i d  r e s u l t in g  from a  la r g e r  
volume o f inoculum  meant t h a t  some v iru s  p a r t i c l e s  would ta k e  lo n g e r 
to  re a ch  th e  m onolayer and in  f a c t  th a t  a  p ro p o r tio n  o f p a r t i c l e s  m ight 
n ev er s e t t l e  on th e  c e l l  s h e e t .  C e r ta in ly  w ith  a d so rp tio n  tim es as 
s h o r t  as tw enty  to  t h i r t y  m in u tes , as used  in  t h i s  s tu d y , an  in c re a s in g  
d ep th  o f f lu i d  would mean a  re d u c tio n  in  th e  number o f p a r t i c l e s  
re a c h in g  th e  c e l l  sh ee t w ith in  th e  tim e a llow ed .
A dso rp tion  tim es o f up to  2 hours f o r  r u b e l la  v iru s  in  GL-RIC^ c e l l s  
have been re p o r te d  (Hekker e t  a l  1969) dn 't^ie l i t e r a t u r e , ' however, in  
t h i s  s tu d y  i t  was found th a t  maximum plaque numbers were reach ed  w ith in  
10-20 m in u tes . V a lle  (1971) re p o r te d  s im ila r  f in d in g s  f o r  v e s ic u la r  
s to m a t i t i s  v iru s  in  ch ick  emoryo f ib r o b la s t s  w ith  th e  m a jo r ity  o f  v iru s  
b e in g  adsorbed  w ith in  10 m inutes a t  37°C. I t  i s  u n l ik e ly  t h a t  lOO^ o 
o f e i t h e r  r u b e l la  v iru s  o r v e s ic u la r  s to m a t i t i s  v iru s  i s  adso rbed  
w ith in  10 m in u tes , fo r  th e  r a t e  o f  movement o f v iru s  th ro u g n  th e  f l u i d
film  on th e  m onolayer would n o t be t h i s  r a p id ,  however Cooper (1955)
/
showed th a t  th e  l a t t e r  v iru s  was ab le  to  m ig ra te  th rough  an a g a r  o v e rla y  
and th u s  i t  was p o s s ib le  t h a t  a d so rp tio n  and in f e c t io n  o f th e  m onolayer 
co n tinued  a f t e r  o v e rla y . I t  i s  p o s s ib le  t h a t  a  s im i la r  phenomenon o ccu rrs  
w ith  r u b e l la  v iru s  in  .the GjL-HK^ p laque t e s t  fo r  d i f f u s io n  o f  th e  v iru s  
i s  su g g ested  by th e  appearance o f secondary  p laques i n  m onolayers 
m ain ta ined  fo r  lo n g e r th a n  9r-I0 days.. ' .
The com position  o f th e  m aintenance o v e rlay  was found to  be o f  
im portance . The optimum b ic a rb o n a te  c o n c e n tra tio n  was found to  . l i e  
w ith in  narrow  l im i t s ,  i t  was though t th a t  t h i s  was a  fu n c t io n  o f 
m aintenance o f th e  c e l l  sh ee t f o r o n  occasions a  HEPE3 based  medium 
w ith  a  g r e a t ly  reduced b ic a rb o n a te  c o n c e n tra tio n  has been  t r i e d  w ith  
equal su c c e ss . R ab b it, goat and a d u lt  bovine serum were foimd to
was p a r t i a l l y  removed by p r io r  k a o lin  tre a tm e n t of th e  s e r a .  A dult 
bovine serum gave optimum r e s u l t s  when used  in  th e  grow th medium f o r  
p ro d u c tio n  o f m onolayers, w hich were washed p r io r  to  in f e c t io n ,  
su g g es tin g  th a t  th e  in h ib i to r y  f a c to r  a c te d  d i r e c t l y  on some fu n c tio n  
o f th e  v iru s  and n o t th e  c e l l  system .
Many p ap ers  appear in  th e  l i t e r a t u r e  concern ing  th e  p re sen ce  o f 
in h ib i to r y  f a c to r s  in  a g a r , (Takemoto and L iebhaber, I 96I ,  1962;
Agol ana Chumakova 1963} V ah eri, Sedwick and P lo tk in ,  1967) th e se  a re  
g e n e ra lly  co n sid e red  to  be su lp h a ted  p o ly sac c h a rid e s  which in h i b i t  th e  
grow th o f c e r ta in  v i r u s e s .  Many a d d it iv e s  and a l te r n a t iv e s  have been 
p u t forw ard (V a lle , 1971) such as 'DEAS-dextran, and carboxym ethyl 
c e l lu lo s e  as w e ll  as p u r i f i e d  forms such as ag a ro se . S im ila r  in h ib i to r y  
b a tch e s  o f a g a r were encoun tered  in  t h i s  in v e s t ig a t io n  o f te n -a s s o c ia te d  
w ith  o v e rh e a tin g  o f th e  ag ar d u rin g  s t e r i l i z a t i o n .  F ogel e t  a l  ( 1969) 
re p o r te d  an in c re a se  in  p laque s iz e  and count fo r  s t r a in s  o f r u b e l l a  
v iru s  under ag a r o v erlay s  c o n ta in in g  DEAE-dextran, t h i s  however was n o t 
in v e s t ig a te d  in  t h i s  s tu d y , and i t  i s  n o t known w hether such a d d it io n s  
would have overcome th e  t o x i c i t y  o f some b a tch e s  o f a g a r o r enhanced 
p laque fo rm atio n  under n o n -to x ic  b a tc h e s .
In  g e n e ra l th e  r e s u l t s  show th a t  th e  m odified  GL-RK^^ p laq u e  t e s t  
f o r  t i t r a t i o n  o f r u b e l la  v iru s  i s  s e n s i t iv e ,  s p e c i f ic  and s t a t i s t i c a l l y  
r e l i a b l e ,  and fu rth e rm o re , th a t  th e  q u a n t i ta t iv e  v a lu es  o b ta in ed  by t h i s  
tech n iq u e  compare favourab ly !.w ith  th o se  r e s u l t i n g  from e x is t in g  a ssa y  
m ethods. The measurement o f p laque d iam eters  w ith  th e  naked eye was 
confirm ed by p ro je c t io n  and measurement o f th e  m agnified  p la q u e s . 
D is t r ib u t io n  h istogram s o f th e  p laque s iz e s  m easured f o r  5 s t r a i n s  o f 
r u b e l la  v iru s  show a good peak in  th e  re g io n  o f d iam eters  quoted  and 
su g g est t h a t  th e  p laque s iz e  d if f e r e n c e s  n o ted  a re  r e a l  and. n o t th e  
r e s u l t  o f v a r ia b le  morphology in  an u n re l ia b le  t e s t  system .
Thus m o d if ic a tio n  o f th e  o r ig in a l  p laque t e s t  tech n iq u e  has 
r e s u l te d  in  an improved system  g iv in g  r e l i a b l e  and re p ro d u c ib le  r e s u l t s  fo r  
b o th  p laque morphology and a ssa y  o f th e  v i r u s .
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R u b ella  v iru s , i s  known to  r e p l i c a t e  in  a  wide v a r i e ty  o f  c e l l  
and t i s s u e  c u l tu r e s ,  b u t in  a  v e ry  few i s  a  d i s t i n c t  c y to p a th ic  
e f f e c t  seen , (McCarthy & T aylor-R obinson, 1967)1 hence many la b o r a to r ie s  
choose to  rem ain dependent on an in d i r e c t  a ssa y  system  based on th e  
o r ig in a l  in te r f e re n c e  techn ique  o f  Parkman e t  a l  ( 1962)* C y topath ic  
e f f e c t s  a re  seen  in  c e r t a in  p rim ary  t i s s u e  c u ltu re s  such as human 
amnion (W eller e t  a l ,  1962) ,  a d u lt  human th y ro id , (McCarthy e t  a l ,
I 963 ) r a b b i t  k idney  (B e llc o u r t ,  Wong & y /a lc ro f t ,  1965) r a b b i t
embryonic c e l l s  (Reddick & L o ese l, 1966) ,  however th e  e f f e c t s  
a re  u s u a l ly  s l i g h t  and slow to  appear and do n o t compare fa v o u rab ly  
w ith  c e l l  l in e s  f o r  ease  o f te c h n ic a l  m an ip u la tio n . C e ll  l in e s  
re p o r te d  in  th e  l i t e r a t u r e  as s u b je c t  to  th e  c y to p a th ic  e f f e c t s  o f 
r u b e l la  v iru s  in c lu d e  th o se  o f  monkey o r ig in ,  LLC-MK2, GMK-BSC-1, 
(Y e ro n e lli & Maasab, 1965) GMK-AH-1. (Gunalp 1965) GL-Y3A,(Beale &
C h r i s to f in i s ,  1964) and Y ero, (L iebhaber e t  a l ,  1969)5 th o se  o f 
ham ster o r ig in ,  BHK21, (Y aheri e t  a l ,  1965) and th o se  o f  r a b b i t  o r ig in ,  
GL-RK^ (McCarthy & T aylor-R obinson, I 965) ,  GL-RK  ^ (B eale e t  a l ,  1964)} 
and SIRC, (Leerhoy, 1965)* C e ll  l in e s  o f  monkey o r ig in  a g a in  d em onstra te  
a  slow ness in  th e  appearance o f th e  c y to p a th ic  e f f e c t  w h ils t  th e  
ham ster l in e  BHK/21 has proved d i f f i c u l t  to  handle re p ro d u c ib ly  
i n  in ex p erien ced  hands (Y aheri, p e rso n a l com m unication, 1970)»
The SIRC l in e  o r ig in a t in g  from r a b b i t  co rnea  i s  ag a in  u n r e l ia b le  i n  
la b o ra to r ie s  in ex p erien ced  in  i t s  use  (L eerhoy, p e rso n a l com m unication, 
1970) bu t does show a  ra p id  p ro g ress  o f c y to p a th ic  e f f e c t  le a d in g  to  
t o t a l  d e g en e ra tio n . The GL-RK^ and GL-RK^ c e l l  l in e s  d i f f e r  from 
th e  o th e rs  d e sc rib e d  in  th a t  th e  r a p id ly  p ro g re s s in g  c y to p a th ic  
e f f e c t  would seem to  be th e  r e s u l t  o f  an a c t iv e  accum ulation  o f  dead 
c e l l s  a t  th e  focus o f in f e c t io n  r a th e r  th an  a  sim ple d e s t r u c t io n  o f 
th e  c e l l  sh e e t r e s u l t i n g  in  a  ’h o le d 1 appearance (McCarthy, 1969) .
r u b e l la  v iru s  have on ly  been un d ertak en  in  BI0C.21 c e l l s  ( P lo tk in ,  19&9)
and GL-RK.^ c e l l s  (B u tle r  & Laurence$' 1 9 6 6 Hekker e t  a l ,  19^9;
Oxford, 1969; Morgan, 1969; F ogel e t  a l ,  1969)* Parlanan e t  a l  (1964
f i r s t  su g gested  t h a t  p laque fo rm atio n  and type  might p re s e n t  a  s u i ta b le
m arker o f a t te n u a t io n ,  th e y  deduced th i s  from t h e i r  s tu d ie s  on th e  EPV
v acc in e  s t r a i n  vdiich developed th e  c a p a c ity  to  form p laq u es  in  m onolayers
o f GL-RK.^ c e l l s  a f t e r  ap p rox im ate ly  70 p assag es  in  p rim ary  monkey
kidney  t i s s u e ,  whereas o r ig in a l ly  a t  pass two in  t h i s  t i s s u e ,  p laques
were n o t d e te c te d  in  GL~RK-^.' O ther p o s s ib le  in d ic a tio n s  o f lo s s  o f
v iru le n c e  appeared to  c o r r e la te  w ith  th e  acq u ired  a b i l i t y  to  produce
plaques,(P arkm an  e t  a l  1966 & 1969)* Hekker e t  a l ,  ( 1969) were a b le  to
confirm  th e se  r e s u l t s  b u t found th a t  th e  low pass v iru s  d id  produce sm all
i n d i s t i n c t  p laques in  GL-RK.^ c u ltu re s*  Oxford ( 1969) re p o r te d  th a t
s t r a in s  o f r u b e l la  v iru s  a t  low passage  le v e ls  i . e .  below p a ss  'J in
t i s s u e  c u l tu r e ,  produced l i t t l e  o r no c y to p a th ic  e f f e c t  in  GL-RIL^ c e l l s ,
b u t a cq u ired  t h i s  a b i l i t y  on passage in  th e se  c e l l s ,  B u t le r  e t  a l  ( 1966)
su g gested  th a t  th e  type  o f t i s s u e  s e le c te d  f o r  passage o f a  s t r a i n  o f
r u b e l la  cou ld  in f lu e n c e  th e  p laque type o b ta in ed  in  GL-RK, T c u l tu r e s
13
under ag a r o v e rla y , and w h ils t  Morgan ( 1969) was ab le  to  d em onstra te  an
in c re a s e  in  th e  c y to p a th ic  e f f e c t  as m easured by an in c re a s e  in  th e
s iz e  o f p laque ach ieved  a f t e r  passage o f one s t r a i n  in  GL-RK.,  t i s s u e .
lp
he was unable  to  r e l a t e  th e  d if f e r e n c e s  in  p laque morphology betw een 
o th e r  s t r a in s  to  t h e i r  p rev io u s  h i s to r y .  • ■ '
Fogel e t  a l  (1969) encoun tered  d if f e r e n c e s  in  th e  p laq u e  type  
o f th e  s t r a in s  th e y  in v e s t ig a te d ,  when th e  s o l id i f y in g  ag en t f o r  th e  
o v e rlay  medium was ag ar o r ag a ro se , bp t found no v a r ia t io n  in  p laque  
morphology under carboxym ethyl c e l lu lo s e  overlays- su g g e s tin g  t h a t  th e  
d if f e r e n c e s  encountered  were a  r e f l e c t i o n  o f v a r y i n g 's e n s i t i v i t y  o f th e  
s t r a in s  to  in h ib i to r s  p re s e n t in  th e  a g a r .
EA27/3 s t r a i n  to  produce p laques in  BHK/21 c e l l s ,  whereas th e  o r ig in a l  
s t r a i n  below th e  .e ig h th  p a ss  in  W I-J8 'd id -n o t, s im i la r ly  th e  o th e r  
v acc in e  s t r a in s  examined and 5 u n a tte n u a te d  s t r a in s  o f r u b e l la  v i ru s  d id  
n o t p laque in  BHK/21 c e l l s ,  ag a in  su g g es tin g  a r e la t io n s h ip  betw een 
a t te n u a t io n  and th e  c y to p a th ic  e f f e c t  produced in  c e r t a in  c e l l  c u l tu r e s .
I t  was n o t c le a r  from th e  re p o r ts  d e sc rib e d  above w hether an 
in c re a se  in  th e  s iz e  o f p laq u es  o r th e  a c q u is i t io n  o f th e  c a p a c ity  to  
produce p laq u es  in  GL-RK^ o r BM_ 21 c u l tu re s  was r e l a t e d  to  a t te n u a t io n  
o f r u b e l la  s t r a in s  as a  whole o r w hether i t  was a  p e c u l i a r i t y  o f  th e  
in d iv id u a l  s t r a in s  examined o r th e  c e l l s  s e le c te d .  N e ith e r  was th e  
in f lu e n c e  o f passage  c e r ta in ,  e i t h e r  from th e  p o in t o f view  o f th e  
t i s s u e  s e le c te d  o r th e  passage  le v e ls  exam ined. No r e p o r ts  had appeared  
o f a  com parison o f low pass  rube11a v iru s  s t r a in s  from v a r ie d  g eo g rap h ica l 
o r c l i n i c a l  sou rces  and s im i la r ly  com parisons o f s t r a in s  under c o n tro l le d  
passage  had a p p a re n tly  n o t been a ttem p ted . I t  was no t alw ays c le a r  e x a c t ly  
what th e  passage  h i s to r y  o f a  s t r a i n  was o r a t  what p o in t  i t  was no lo n g e r  
co n sid e red  low pass  v i r u s .  Some o f th e  work re p o r te d  had, on ly  compared 
minimal and e x ten s iv e  c y to p a th ic  e f f e c t  under f l u i d  medium and p o s s ib ly  
in te rm e d ia te  s ta g e s  had n o t been d is t in g u is h e d  as c l e a r ly  as was p o s s ib le  
on th e  grounds o f p laque s i z e .  I t  appeared  th a t  th e  d if f e r e n c e s  seen  
in  p laque s iz e  under ag a r may on ly  have been fu n c tio n s  o f th e  
s e n s i t i v i t y  o f th e  s t r a in s  to  th e  a g a r o v e rla y , th e re fo re  i t  would be 
in t e r e s t i n g  to  see i f  the-sam e d if fe re n c e s  were seen  in  o th e r  c e l l  -
system s under th e  same o v e rla y  o r under f l u i d  medium. A su rv ey  o f  th e  
c y to p a th ic  e f f e c t s  o f s t r a in s  o f  r u b e l la  from v a r ie d  so u rces  was 
u n d ertak en  to g e th e r  w ith  a  lim ited , in v e s t ig a t io n  in to  th e  in f lu e n c e  
o f passage  on th e se  p r o p e r t i e s .
Materials and methods:- "
l) Plaque test for rubella virus in
A) GL-RIC^ cells.
The m odified  p laque tech n iq u e  i s  d e sc rib e d  in  d e t a i l  i n
S e c tio n  I .
B) Yero cells.
The test was based on the method of Rhim and Schell, (1967)
and was carried out in 35mm Falcon plastic petri dishes, seeded with 
61 x 10 cells contained in 4 ml. of growth medium, ‘i'he plates were 
incubated in the modified LTE cabinet at a temperature of 32.5°C and 
pH of 7 .2 - 7 ,4# The cultures being confluent in 72 hours were drained 
of growth medium, and washed once with buffered Eagles MEM before 
inoculation. Yirus dilutions were made in buffered Eagles MEM and 
inoculated onto the centre of the plate in volumes of 0.1 ml.
A dsorp tion  was allow ed fo r  30 m inutes a t  room tem peratu re  b e fo re  th e  
p la te s  were o v e r la id  w ith  3 m l. o f medium c o n ta in in g  in d ic a to r - f r e e  
E ag les MEM, 0 .088^ NaHCO^, 2yj f o e t a l  o r agamma c a l f  serum and 1.5/^
Difco Noble Agar. The plates were left at room temperature for a
i
further 20 minutes to allow the overlay to solidify before being returned 
to incubation for 8 days at which time a second 2 ml. volume of overlay 
was introduced, containing neutral red at a concentration of 1 in 20,000. 
Incubation was continued for a further 3-4 days, at which time the 
plaques were clearly visible. Control cultures infected with HPV-77 
(ARl) and RA27/3 (Si) were included in every test.
2) P re p a ra tio n  and I n f e c t io n  o f c u l tu re s  o f GL-RK ' *----------—:—------ ------ ------ .—  ............. - •    -l?
c e l l s  f o r  com parison o f c y to p a th ic  e f f e c t s . *
c
6 x  q t e s t  tu b es  were seeded T /ith s u f f i c i e n t  c e l l s  (2-4x10 
c e l l s )  to  become c o n flu e n t in  48-72 h o u rs , and in cu b ated  a t  32*5°C 
in  th e  s ta t io n a r y  p o s i t io n .  When co n flu e n t th e  c u l tu re s  were 
d ra in e d , washed once w ith  b u ffe re d  E ag les MEM and re fe d  w ith  2 m l. 
o f th e  m aintenance medium.
Each o f 4 tu b es  re c e iv e d  0 .2  m l. o f a  s tan d a rd  t i t r e  
(3 .0 -3 .5 p fu /0 .5 m l)  o f one o f th e  r u b e l la  v iru s  s t r a in s  uuder s tu d y  
and a l l  o f th e  s t r a in s  in v e s t ig a te d  were always compared in  one 
experim en t. The tu b es  were re tu rn e d  to  s ta t io n a r y  in c u b a tio n  f o r  
a  f u r th e r  f iv e  days a t  which tim e th e  c y to p a th ic  e f f e c t  was e v id en t 
b u t n o t ex ten s iv e  and secondary  fo c i  were n o t p re s e n t .  The tu b es  
were d ra in ed  and f ix e d  in  fo rm a lise d  phosphate b u ffe re d  s a l i n e ,  
a f t e r  which th e  c y to p a th ic  e f f e c t s  cou ld  be compared and pho tographed .
3) P re p a ra tio n  and in f e c t io n  o f c u l tu re s  f o r  the passage  o f 
s t r a in s  o f r u b e l la  v iru sT' ' ■IJL- - - i—‘I r r ,.n iTiim i —-Tr.mnil . ^
A) GL-RK^
GL-RK^ c e l l  c u l tu re s  were p rep a red  as d e sc rib e d  in  
S e c tio n  2 . Between two and fo u r  tube  c u l tu re s  were each in o c u la te d  
w ith  0 .2  m l. o f  th e  s t r a i n  under s tu d y  and re tu rn e d  to  r o l l e d  in c u b a tio n . 
When th e  c y to p a th ic  e f f e c t  was e x te n s iv e , u s u a l ly  7-10  day s, th e  f lu id s  
were h a rv e s te d , pooled  and d ispensed  in to  sm all volumes f o r  s to ra g e  
a t  -70°C . Samples were im m ediately  su b je c te d  to  f u r th e r  passage  as 
d e sc r ib e d  above o r s to re d  u n t i l  t i s s u e  was a v a i la b le ,  s im i la r ly  sam ples 
were in c lu d ed  in  a  p la q u e 't e s t  o r s to re d  u n t i l  they  cou ld  be examined 
in  t h i s  manner. A ll th e  s t r a in s  examined were passaged  a t  each  le v e l  
i n  one b a tch  o f  t i s s u e .
B) P rim ary  E ry th rocebus p a ta s  monkey k idney
C onfluen t 7 to  10 days o ld  c u l tu re s  in  6 x  f  tu b es  were 
d ra in e d  o f growth medium, washed once w ith  b u ffe re d  199 medium, and 
r e fe d  w ith  1 .8  m l. o f  m aintenance medium.
The c u l tu re s  were in o c u la te d  w ith  0 .2  m l. volumes o f  v i ru s  
and in cu b a ted  as d e s c r ib e d - in  S e c tio n  3 ( a ) .  Th© -c u ltu re s  were 
h a rv e s te d  te n  to  fo u r te e n  days a f t e r  in f e c t io n ,  poo led  and d isp en sed  
f o r  s to ra g e  a t  - 70°0 •
C) Vero
Tube c u l tu re s  were p re p a re d , in fe c te d  and h a rv e s te d  by th e  
methods d e sc rib e d  in  S e c tio n  3j (A) above.
D) BHK-21/13S
The c u l tu r e s  were p re p a red , in fe c te d  and h a rv e s te d  by th e  
methods d e sc rib e d  in  S e c tio n  3> 00
*
E) WI-38
6 x  ■g- t e s t  tu b es  were seeded w ith  1 x  10 c e l l s  in  o rd e r 
to  become c o n flu e n t in  3 to  4 days, and in cu b a ted  in  th e  s ta t io n a r y  
p o s i t io n .  C onfluen t c u l tu re s  were washed once w ith  b u ffe re d  E ag les 
MEM and re fe d  w ith  2 .0  m l. o f  m aintenance medium. The c u l tu re s  were 
in fe c te d  and h a rv e s te d  by th e  methods d e sc rib e d  in  S e c tio n  3 j(A ) •above.
R e s u lts
l )  P laque morphology o f low p ass  s t r a in s  in  GL-RK,,  c e l l s .
     ;      - ±1 ■
The r e s u l t s  o b ta in ed  f o r  th e  s iz e  o f p laques produced by th e  
low p ass  s t r a in s  i . e .  th o se  w ith  le s s  th a n  seven passag es  in  any system , 
a re  shown in  Table 11a and b , w ith  d e t a i l s  o f th e  source  and co u n try  
o f o r ig in  where t h i s  in fo rm atio n ' was a v a i la b le .
A ll  bu t 2 low pass  s t r a in s  from n a tu r a l ly  acq u ired  in f e c t io n s  
gave p laques in  th e  0.75-l*25mm ra n g e . F igu re  19 a - f  i l l u s t r a t e  
th e  ty p ic a l  p laq u es formed by a ) Sheppard, b) L esley , s t r a i n s  i s o la te d  
from n a tu r a l ly  acq u ired  p o s t - n a ta l  in f e c t io n ,  c )  S a w a , and d ) H.E. 
s t r a i n s  i s o la te d  from f o e ta l  t i s s u e  a f t e r  in t r a u te r in e  in f e c t io n ,  
and e )  Thomas and f )  Andrews, s t r a in s  i s o la te d  from r u b e l l a  syndrome 
i n f a n t s .  Only th e  Dunning s t r a i n  i s o la te d  from a  c o n g e n ita l ly  in f e c te d  
in f a n t  and th e  Jan in e  s t r a i n  from an in f e c t io n  c o n tra c te d  w h i ls t  h a n d lin g , 
Dunning showed la rg e  c le a r  p laques o f  2 .2 5 -2 .5 0  mm. F ig u re  20 a  and b 
shows th e  p laques formed by th e se  2 s t r a i n s .  S tr a in s  i s o la te d  from 
e x p e rim en ta lly  in fe c te d  monkeys and human v acc in ees  showed p laq u es 
ty p ic a l  o f th e  s t r a i n  ad m in is te red  in  each c a se .
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F ig u re  19 . P la q u e s  p ro d u ced  by the low p a s s  s t r a in s  
S h e p p a rd  (A) , L e s le y  (B) , Savva  (C ) .
lem
(D) ( E )
mm
(F)
F ig u re  19 . P la q u e s  p ro d u ced  by the  low p a s s  s t r a in s  
H . E .  (D ),  Thomas (E) and A ndrew s ( F ) .
lcm
(A ) (B )
F ig u re  2 0 . P la q u e s  p ro d u c e d  by  th e  D unning s t r a in  (A ) 
and  th e  Jan in e  s t r a in  (B ) .
1 cm
2) P laque morphology o f la b o ra to ry  adap ted  s t r a i n s ’: in.G L-BK ,, c e l l s  
 ; :   ;   12 .
The r e s u l t s  o b ta in ed  f o r  th e  s iz e  o f p laques produced by 
la b o ra to ry  adapted  s t r a in s  i . e .  th o se  w ith  more th an  7 p assages in  
any system , a re  shown in  Table 12 w ith  d e t a i l s  o f th e  o r ig in  and 
co u n try  o f i s o l a t i o n .  A wide range o f p laque s iz e s  were found w ith  
th e se  s t r a in s *
F ig u re  21 shows th e  ty p ic a l  p laq u es  produced by a  ) HPV-77,
2 .0 -2 .2 5  mm, b) C en d e h ill, 1 .2 5 -1 .5 0 .mm* and c )  RA27/3» 1*0-1.25 mm.
F ig u re  22 compares th e  p laq u es  produced by th e  HFV-77 s t r a i n
w ith  th o se  produced by t h i s  s t r a i n  a f t e r  a  f u r th e r  5 p a sse s  in  p rim ary  
*
r a b b i t  k idney  and by th e  EFV-I50 s t r a i n  a f t e r  12 f u r th e r  p a sse s  in  
ch ick  embryo t i s s u e  c u l tu r e ,  th e  p laq u es  a re  a p p a re n tly  id e n t ic a l*
The G iguerre  s t r a i n  was u n usual in  th a t  2 ty p es  o f  p laque were 
see n , one o f 1 .0 -1 .2 5  mm. -  th e  second o f  2 .0 0 -2 .2 5  mm, see  F ig u re  23*
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F ig u re  2 1 .  P laq u es  p ro d u ced  by the H P V -77  s t r a in  (A ),  
the RA 27/3 s t r a in  (B) and the Cendehill 
s t r a in  (C) •
>- t
1 cm
(A)
F ig u re  2 2 . P laq u es  p ro d u ced  by H P V -77  s t r a i n ,  grown 
in p r im a ry  monkey k idney  t i s s u e  (A ), a f te r  a 
f u r th e r  th re e  p a s s e s  in p r im a ry  ra b b i t  
k idney (B ) ,  and the H PV -150  s t r a in  a f te r  
tw elve p a s s e s  in ch ick  embryo t i s s u e  (C ) ,
1 cm
F ig u re  2 3 .  P la q u e s  p roduced  by the G ig u e r re  s t r a i n .
i
1 cm
3) P laque morphology in  GL-RK c e l l s  o f  s e le c te d  s t r a i n s  a f t e r
___________________________  15___      . ;
passage in  v a r io u s  c u l tu re  system s
R ep re se n ta tiv e  low p ass  and la b o ra to ry  adap ted  s t r a in s  were 
su b je c te d  to  l im ite d  passage in  p rim ary  E ry throcebus p a ta s  monkey 
k id n ey  t i s s u e ,  GL-R3L^, Vero, BHK21, and WI-38 c e l ls *  The p laque 
morphology o f th e  s t r a in s  were examined a t  each  passage lev e l*
Table 13 shows th e  p laque s iz e s  reco rd ed  fo r  each  s t r a i n  a t  
th e  h ig h e s t passage examined in  each t i s s u e ,  A change in  p laque 
morphology was on ly  seen  in  th e  Jan in e  s t r a i n  on passage in  GL-RK^ 
c e l l s ,  F ig u re  24? in  th e  Dunning and Jan in e  s t r a in s  a f t e r  passage  in  
p rim ary  monkey k idney  and Vero c u l tu r e s ,  F ig u re  25 and 26; and in  the  
C en d eh ill and Thomas s t r a i n  a f t e r  passage  in  BHK21 c e l l s , .  F ig u re s  27 
and 28, These fo u r  s t r a in s  were unchanged on passage in  th e  o th e r  
t i s s u e s  s e le c te d  and th e  rem ain ing  s t r a in s  o f r u b e l la  d id  n o t 
dem onstrate  an a l t e r a t i o n  in  p laque morphology in  any o f  th e  t i s s u e s  
examined*
The manner in-w hich. th e  change in  p laque s iz e  occurred  in 'G L -R K ^ 
and p rim ary  monkey k idney  t i s s u e  was of i n t e r e s t  in  th a t  th e  same p ro c e ss  
appeared  to  happen f o r  bo th  Jan in e  and Dunning s t r a in s *  In  th e se  two 
s t r a in s  th e  m a jo r ity  o f p laques were la rg e  on th e  f i r s t  p a s s ,  b u t sm a ll 
on th e  l a s t  passage  le v e ls  t e s t e d ,  however a t  th e  in te rm e d ia te  le v e l s  
b o th  la rg e  and sm a ll p laq u es were p re s e n t .  Thus, fo r  th e  Dunning s t r a i n  
in  monkey kidney a sm all p laque appeared  a t  th e  second passage  le v e l  and 
r a p id ly  became predom inant so th a t  by th e  fo u r th  passage on ly  sm all 
p laques were p resen t*  The changes seen  on passage  in  BHK21 c e l l s  in  th e  
Thomas and C en d eh ill s t r a in s  appeared to  occur by a d i f f e r e n t  p ro c e s s , 
such th a t  on ly  a  sm all p laque was p re s e n t a t  th e  f i r s t  p a s s ,  b u t by  
th e  second passage th e  sm all p laq u es  were p re s e n t in  app ro x im ate ly  eq u a l 
numbers w ith  p laq u es in  an in te rm e d ia te  s iz e  ra n g e , and by th e  t h i r d  and
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F ig u re  2 4 . P la q u e s  p roduced  by the Janine s t r a in  
a f t e r  p a s sa g e  in G L -R K -^  c e l ls  .
lcm
F ig u r e  2 5 .  P la q u e s  p ro d u c e d  by  th e  D unning s t r a in  
a f t e r  p a s s a g e  in  p r im a ry  m onkey k id n ey  
t i s s u e .
1 cm
F ig u re  2 6 . P la q u e s  p ro d u ced  by the Janine s t r a in  
a f te r  p a s sa g e  in p r im a ry  monkey kidney 
t i s s u e .
Figure 27. Plaques produced by the Cendehill strain 
after passage in BHK-21 cells.
i
1 cm
m m m m m
F ig u re  2 8 . P la q u e s  p ro d u c e d  by th e  T hom as s t r a in  
a f te r  p a s s a g e  in  B H K -21 c e l l s .
s -
1 cm
fo u r th  p ass  th e  m a jo r ity  were o f th e  "new" la r g e r  p laque type  w ith  a  
few s c a t te r e d  sm all and in te rm e d ia te  s iz e  p la q u e s . The two p ro c e sse s  
a re  most sim ply  i l l u s t r a t e d  by a graph o f th e  d i s t r i b u t io n  of p laque s iz e s  
a t  each passage l e v e l ,  F ig u re  29 i l l u s t r a t e s  th e se  r e s u l t s  f o r  fu n n in g  
v iru s  passaged  in  p rim ary  P a ta s  monkey k idney  t i s s u e  c u l tu re  and 
C en d eh ill passaged  in  BBK21 c e l l s  and th e  r e s u l t s  f o r  Punning in  GL-PJC^ 
a re  in c lu d ed  in  o rd e r to  dem onstrate  the  norm al p laque s iz e  d i s t r i b u t io n .  
The numbers o f p laques a t  each s iz e  v/ere sco red  on 6 p l s i e s  each of 
which had re c e iv e d  0 ,1  m l, inoculum  of a  s t r a i n  a t  a  s ta te d  passage  le v e l ,  
th e re  Y/ere app rox im ate ly  20 p laq u es  p e r  p l a t e .
In  o rd e r to  determ ine how s ta b le  th e  new p laque c h a r a c te r i s t i c s  
m ight be i t  was decided  to  passage  th e  Dunning and Jan in e  s t r a in s  from 
th e  f i f t h  pass  in  monkey k idney , back th rough  GL-RIC^ a g a in , t e s t i n g  th e  
p laque morphology a t  each le v e l .  In  b o th  th e  Dunning and Jan in e  s t r a in s  
a f t e r  one GL-RK.^ pass th e  1 . 00- 1.25  mm. p laq u es  had become' 1 . 25- 1 . 50mm, 
by th e  second p ass  1 .5 0 -1 .75mm, by th e  t h i r d  p ass  2 .0 - 2 .25mm. Here 
th e re  seemed sim ply  to  be a  re a d a p ta t io n  t o  th e  GL-RIC^ c e l l  system  
w ith  th e  grov/th in  t h i s  t i s s u e  and hence th e  p laque s iz e  im proving w ith  
each  passage l e v e l .
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F igure 29* Distribution of plaque s iz e s  at each passage  
lev e l for Dunning p assed  in GL-RK1 « and 
primary monkey kidney and ^
Cendehill p assed  in BHK-21 c e l l s .
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4) The morphology o f th e  m ic ro foc i-p roduced  by s e le c te d  s t r a in s
o f r u b e l la  in  GL-RIC^  c e l l s  -m aintained-'under f l u i d  overlay*-
T h e .3 vacc in e  s t r a in s  o f r u b e l la ,  HPY-77j 'RA27/3 and C en d eh ill 
to g e th e r  w ith  th e  low p ass  s t r a in s  Dunning, Thomas and L esley  were 
in o c u la te d  in to  tube  c u l tu re s  o f GL-RK.^ and th e  c y to p a th ic  e f f e c t s  
examined and compared* The Dunning s t r a i n  a t  th e  fo u r th  p ass  in  Vero 
c e l l s  and th e  Thomas s t r a i n  a t  th e  th i r d  p ass  in  BHK-21 c e l l s  were a ls o  
included*
Those s t r a in s  p roducing  la rg e  p laques in  GL-RK^^ c e l l s ,  namely 
HFV-77, low p ass  Dunning and Thomas a f t e r  passage in  BHK-21 c e l l s ,  . 
showed a  r e l a t i v e l y  wide sp read  o f g ra n u la r  round c e l l s  around each 
f o c i  o f in f e c t io n  w h ils t  th o se  s t r a in s  g iv in g  sm all p laq u es  in  GL-RK.^ 
c e l l s ,  RA27/3> L esley  and Dunning a f t e r  passage in  Yero c e l l s  showed a  
more compact group o f rounded c e l l s  w ith  l i t t l e  s c a t t e r  and sp re ad in g  
out from th e  focus* I t  was d i f f i c u l t  to  e v a lu a te  th e  m ic ro fo c i 
produced by th e  C en d eh ill s t r a i n  b u t i t  appeared  to  be c lo s e r  to  th e  
compact focus produced by th e  sm all p laque ty p e s .
F ig u re  J>0 a -c  i l l u s t r a t e  th e  m ic ro fo c i produced by th e  la rg e  
p laq u in g  s t r a in s  HPV-77 and Thomas a f t e r  passage  in  BHK-21 c e l l s ,  
w h ils t  F igu re  31■a -d  i l l u s t r a t e s  th e  sm all and in te rm e d ia te  s iz e  
p laque ty p e s , RA27/3? L esley , Dunning a f t e r  Yero p a ssa g e , and C e n d e h ill .
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F ig u re  30 . (A) C ytopathic  e ffec t of the H PV -77  s t r a in
in G L -R K 1 3  c e l l s .
(B) C ontro l un inocu la ted  c u l tu re
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F ig u re  3 0 . (C) Cytopath ic  effec t in  G L -R K ^^ c e l l s ,  of the
Thomas s t r a i n ,  a f te r  p a s sa g e  in  BHK-21 
c e l l s .
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F ig u re  31 . Cytopath ic  effect in G L - R K j g  c e l ls  of 
(A) The RA 27/3  s t r a in  
and (B) The L e s le y  s t r a i n .
> v
F ig u re  31 . C ytopath ic  effect in GL-RK 4 3  c e l ls  of 
(C) The Dunning s t r a in  a f te r  p a s sa g e  
in V ero  c e l ls  
and (D) The C endehill  s t r a i n .
5) Plaoue morphology o f s e le c te d  s t r a in s  o f r u b e l la  in  Yero c e l l s *
The s t r a in s  examined in  t h i s  system  a n d :th e  p laque s iz e  o b ta in ed
a re  shown in  Table 14 to g e th e r  w ith  th e  p laque s iz e  o b ta in ed  in
GL-R3L,, c e lls*13
S tr a in  o f R u b ella Plaque S ize  
in  Yero C e lls
P laque S ize
in  G L - R K , C e l l s  ■Lj
HFY-77
RA27/3
GEHDFHILL .
DHI'RTHTG (Pass 6 in  RK.^) . 
L3SL3Y (Pass 1 in  Mi)
1**25 -  1 .5  
1*25 -  1*5
1.25 -  1 .5
1.25 -  1*5
1.25  -  1 .5
2 .0  -  2.25
1 *0 - 1.25
1 . 2 5 - 1 . 5
2 *2 5 - 2 .5 0
0 . 7 5 - 1 . 0
Table 14 S tr a in s  o f r u b e l la  v iru s  t e s t e d  in  th e  Yero p laque
system , showing th e  s iz e  o f p laques, o b ta in ed  in  t h i s
t e s t  as compared to  th a t  seen  in  th e  ■ GL-RK^' system*
No v a r ia t io n  in  th e  p laque morphology o f th e se  s t r a in s  co u ld  be 
found in  th e  Yero c e l l  system*
DISUUSSIUI'I
Some tw e n ty -fo u r low p ass  s t r a in s .f ro m  n a tu r a l ly  a cq u ired  cases
o f r u b e l la  in f e c t io n  were examined; a l l  b u t 2 s t r a i n s ,  Dunning and
Ja n in e , produced p laq u es  in  th e  1 .00  mm. s iz e  ra n g e . These f in d in g s
a re  in  agreem ent w ith  th o se  o f Oxford ( 1969) who re p o r te d  th a t  s t r a in s
w ith  few er th an  7 t i s s u e  c u l tu re  p assages produced l i t t l e  o r  no
c y to p a th ic  e f f e c t  in  GL-PX^ c e l l s .  No d e te c ta b le  d if f e r e n c e  cou ld
be found in  th e  p laque morphology o f low pass  s t r a in s  i s o la te d  from
p re  o r p o s t - n a ta l ly  acq u ired  in f e c t io n s ,  n e i th e r  cou ld  any v a r i a t io n
be found betw een s t r a in s  i s o la te d  from v a r ie d  c l i n i c a l  so u rc e s , o r
from cases o c c u rr in g  in  d i f f e r e n t . y ea rs  in  th e  UK, USA o r Canada.
Furtherm ore th e  t i s s u e  s e le c te d  f o r  i s o la t io n  o f th e  s t r a i n ,  GL-RK,,13
o r monkey k idney , o r th e  passage le v e l  a t  which th e y  were exam ined, 
d id  n o t appear to  in f lu e n c e  th e  p laque morphology. The two low 
pass  s t r a in s  Dunning and Jan in e  were u nusual in  th a t  th e y  gave la rg e  
c le a r  p laques o f 2 .25 -  2*50mm. I t  was p o s s ib le  th a t - th e  Jan in e  
s t r a i n  was in  f a c t  Dunning f o r  th e  case o f r u b e l la  from which i t  was
is o la te d  c o r r e la te d  n e a t ly  w ith  a  la b o ra to ry  exposure to  h ig h  t i t r e
I
sam ples o f th e  Dunning s t r a i n .  The u nusual p laque c h a ra c te r  o f  th e se
2 s t r a in s  in  GL-RK-,., c e l l s  d id  n o t seem to  be r e l a t e d  to  th e  t i s s u e
13
s e le c te d  fo r  i s o l a t i o n  o r th e  passage  le v e l  o f th e  o r ig in a l  m a t e r i a l - 
examined, as s im i la r  s t r a in s  i s o la te d  i n  th e  same la b o ra to ry  in  GL-RK-^ 
c e l l s  produced c h a r a c te r i s t i c  1 .00  mm. p laques e .g .  Day a t  p a ss  3* 
Sheppard a t  p ass  6 and P u lle n  a t  p ass  2 . '
I t  was p o s s ib le  th a t  th e  la rg e  p laque type o f th e  Dunning s t r a i n ,  
i s o la te d  from a  6 month o ld  r u b e l la  syndrome baby, was a  r e s u l t  o f  th e  
p ro longed  r e p l i c a t io n  in  u te ro  o r in  th e  in fa n t  p o s tn a t a l ly ,  however 
th e  P u lle n  s t r a i n  i s o la te d  in  th e  same la b o ra to ry  was o b ta in ed  from 
a  9 month o ld  c o n g e n ita lly  in fe c te d  c h ild  and a g a in  produced
c h a r a c te r i s t i c  1 .0 0  mm. p la q u e s . The p o s s i b i l i t y  rem ains th a t  some 
u n d e tec ted  f a c to r  o r c o n d itio n  in  th e  Dunning c h ild  had in f lu e n c e d  
th e  s t r a i n  in  some manner.
The s t r a in s  r e - i s o l a t e d  from v acc in ees  and e x p e r im en ta lly  in f e c te d  
monkeys showed p laq u es  in d is t in g u is h a b le  from th o se  o f th e  in f e c t in g  
s t r a i n  in  each c a se , su g g es tin g  th a t  one f u r th e r  cy c le  in  v iv o  had 
n o t a l te r e d  t h i s  p ro p e r ty  a t  l e a s t .
A range o f p laque s iz e s  were encoun tered  in  th e  la b o ra to ry  adap ted  
s t r a in s  examined, th e  th re e  a tte n u a te d  s t r a in s  RA27/3*- C en d e h ill and 
HPV-77 producing  sm a ll, in te rm e d ia te  and la rg e  p laques r e s p e c t iv e ly .  
These r e s u l t s  coupled w ith  th e  f in d in g s  o f la rg e  and sm all p laq u es  
among th e  low p ass  s t r a in s  would seem to  su g g est th a t  th e re  was no 
g e n e ra l r e la t io n s h ip  -between p laque morphology and a t te n u a t io n .
F or on ly  two .o f  th e  low pass  s t r a in s  -was th e re  any a v a i la b le  ev idence 
o f v iru le n c e , th e  Dunning s t r a i n  b e in g  im p lic a te d  in  a  la b o ra to ry  case  
o f r u b e l la  and th e  Sheppard s t r a i n  shorn  to  be v i r u le n t  f o r  monkeys 
on th e  b a s is  o f th e  c r i t e r i a  l a id  down by Parkman e t  a l  ( 19&9 ) "that... 
th e re  was an e x ten s iv e  e x c re tio n  o f v iru s  from th e  ..in fe c te d  a n im a ls , 
(D raper e t  a l  1969) .  These two s t r a in s  produced la rg e  and sm all 
p laq u es  r e s p e c t iv e ly ,  ag a in  im ply ing  th e  la c k  o f a  g e n e ra l c o r r e la t io n  
between p laque s iz e  and v iru le n c e .
The J u d ith  -s tra in 'A .w as-fo u n d  to  g ive a  sm all p laque a t  th e  t h i r d  
p ass  in  r a b b i t  k idney  w h ils t  J u d ith  (b ) a t  th e  f i f t i e t h  passage  le v e l  
in  GL-RIC^ gave la rg e  c le a r  2 .5 -3 •  00 111111 • p la q u e s ,- th u s  su p p o rtin g  th e  
su g g es tio n  o f Ilorgan ( 1969) th a t  passage  o f t h i s  s t r a i n  in  GL-RE-^ 
r e s u l te d  in  an enlargem ent o f th e  p laq u es  produced. S im ila r ly  th e  
G iguerre  ( l )  s t r a i n  a t  th e  second passage  in  monkey k idney  t i s s u e  
gave c h a r a c te r i s t i c  1 .00  mm. p laques w hereas G iguerre (2 ) a f t e r  seven  
f u r th e r  passages in  GL-RK^^ produced a  mixed p o p u la tio n  o f sm a ll and
la rg e  2 . 0- 2,25  mm,, p laq u es  p o s s ib ly  su g g es tin g  th a t  a t  l e a s t  a  p ro p o r tio n  
o f p laques were in c re a s in g  in  s iz e  on p a ssa g e . F u r th e r  passage  o f bo th  
th e  sam ples o f t h i s  s t r a i n  a re  n e ce ssa ry  b e fo re  one can be c e r ta in  
o f th e  e f f e c t s  o f p a ssa g e , i t  may w e ll be t h a t  th e  mixed p laque 
p o p u la tio n  was an in te rm e d ia te  s ta g e  in  th e  e v o lu tio n  o f a la rg e  p laque 
ty p e .
I t  was on ly  p o s s ib le  to  dem onstrate  a  change in  p laque morphology 
on l im ite d  passage  o f fo u r  s t r a in s  o f r u b e l la  v i r u s .  The Dunning 
and Jsn in e  s t r a in s  produced sm a lle r  p laques a f t e r  passage  in  monkey 
k id n ey  t i s s u e ,  as d id  th e  Jan in e  s t r a i n  a f t e r  passage in  GL-RK.^ c e l l s ,  
w h ils t  th e  C en d eh ill and Thomas s t r a in s  showed an in c re a s e  in  p laque 
s iz e  a f t e r  passage in  BHK-21 c e l l s .  In  none o f th e  o th e r  low pass  
o r la b o ra to ry  adap ted  s t r a in s  could  a  change in  p laque morphology in  
GL~RK^ c e l l s  be dem onstra ted . One might expect t h a t  th e  la b o ra to ry  
adap ted  s t r a in s  would have a  s ta b le  p laque c h a ra c te r  however t h i s  was 
o b v io u sly  no t th e  case  w ith  th e  C en d eh ill s t r a i n ,  Oxford (19&9) 
has re p o r te d  th a t  f r e s h ly  i s o la te d  s t r a in s  o f r u b e l la  show a  marked 
in c re a se  in  th e  e x te n t and r a p id i ty  o f appearance o f  c y to p a th ic  
e f f e c t s  in  GL-KK^ c e l l s  on passage  in  t h i s  c e l l  system , and one 
m ight expect to  see  t h i s  exp ressed  as ‘an in c re a se  in  p laque  s i z e ,  
however t h i s  could  n o t be dem onstrated  in  any o f th e  s t r a in s  examined 
a f t e r  passage in  GL-RK^ c e l l s .  Only th e  Dunning and Jan in e . s t r a in s  
passaged  back th rough  GL-BIk^ c e l l s  from th e  f i f t h  le v e l  in  monkey 
k idney  t i s s u e  showed an in c re a se  in  p laque s i z e .  . There d id  n o t appear 
to  be any g e n e ra l r e la t io n s h ip  betw een passage  and p laque m orphology, 
and th e  e f f e c t s  o f t i s s u e  c u ltu re  passage  o f  a  s t r a i n  o f  r u b e l la  may 
w e ll depend on th e  t i s s u e  s e le c te d ,  th e  p rev io u s  h i s to r y  o f th e  s t r a i n  
o r th e  p a r t i c u la r  p ro p e r t ie s  o f th e  s t r a i n  examined. Morgan ( 1969)
was s im i la r ly  unab le  to  f in d  a  c le a r  r e la t io n s h ip  betw een th e  p laque 
type  and passage h i s to r y  o f s t r a in s  he exam ined. V asing ton  e t  a l  
( 1969) had re p o r te d  th a t  th e  change in  HFV s t r a i n  p laq u es  from sm all 
to  la rg e  occurred  in  th e  re g io n  o f th e  27t h  passage le v e l  and i t  i s  
p o s s ib le  th a t  f u r th e r  passage o f th e  low p ass  s t r a in s  examined in  t h i s  
s tu d y  w i l l  be n e c e ssa ry  b e fo re  a l t e r a t io n s  in  p laque morphology w i l l  be 
found. I t  may be th a t  th e  s t r a in s  showing changes in  p laque c h a r a c t e r i s t i c s  
a f t e r  l im ite d  passage  such as th e  G ig u e rre , Dunning, J a n in e , Thomas and 
C en d eh ill s t r a in s  a re  i n  f a c t  'the  ex cep tio n s  and much more e x te n s iv e  
t i s s u e  c u ltu re  passage i s  g e n e ra lly  re q u ire d  b efo re  an a l t e r a t i o n  in  
p laque morphology i s  see n . I t  would seem th a t  th e  type  o f change seen  
w ith  th e  C en d eh ill and Thomas s t r a in s  was n o t unexpectedly , ah a d a p ta t io n  
p ro c e ss , th e  p laques g ra d u a lly  becoming la r g e r  -w ith  p a ssa g e , w h ils t  t h a t  
seen  in  th e  Jan in e  and Dunning s t r a in s  was more s im i la r  to  a s e le c t io n  
p ro c e ss , a  sm all p laque type ap p ea rin g  on ly  in  passage and r a p id ly  
becoming predom inant w ith  th e  lo s s  o f th e  la rg e  p laque ty p e . I t  was 
perhaps a  l i t t l e  d i f f i c u l t  to  u n d e rs tan d  why th e  sm all p laque ty p e  d id  
n o t appear in  th e se  l a t t e r  s t r a in s  p r i o r  to  passage i f  i t  was p re s e n t  
to  be s e le c te d  under th e  p re s su re  o f t i s s u e  c u ltu re  p a ssa g e , however i t  
was p o s s ib le  t h a t  a  c e r ta in  p e rcen tag e  o f th e  plaque p o p u la tio n  was v e ry  
r a p id ly  a l t e r e d  from la rg e  to  sm all w ith in  th e  space o f 2 p a sse s  w ith o u t 
go ing  th rough th e  in te rm e d ia te  le v e l s ,  t h i s  new plaque th e n  grew w e ll 
and th e  la rg e  type  was lo s t  e i th e r  by  th e  s e le c t iv e  p re s su re  o f th e  '
t i s s u e  passage o r because i t  to o  co n v erted  to  th e  sm all p laque ty p e .
I t  was in t e r e s t i n g  th a t  th e  Jan in e  s t r a i n  was a p p a re n tly  more 
r e a d i ly  a l t e r e d  as re g a rd s  p laque morphology th a n  was th e  Dunning s t r a i n ,  
b e in g  reduced in  s iz e  by passage in  monkey k idney  and  GL-RIC^* T his 
m ight be ex p la in ed  by two p o s s i b i l i t i e s ;  f i r s t l y  th e  Jan in e  i s o l a t e  may
n o t have been d e riv ed  from Dunning and th e  c irc u m s ta n tia l  ev idence 
im p lic a t in g  th e  Dunning s t r a i n  in  t h i s  la b o ra to ry  case  was p u re ly  
c o in c id e n ta l ,  o r seco n d ly , and o f much g r e a te r  i n t e r e s t ,  th e  passage  
in  v iv o  had a l t e r e d  th e  Dunning s t r a i n  in  some manner re n d e r in g  i t  more 
l i k e l y  to  change i t s  p laque  c h a ra c te r  on p a ssa g e . No change in  th e  
p laque c h a r a c te r i s t i c s  o f s t r a in s  i s o la te d  from vac in ees  o r anim als, has 
been dem onstrated , however th e se  have n o t been su b jec te d  to  more th an  
2 p assages in  t i s s u e  c u l tu re  a f t e r  r e - is o la / t io n  and i t  was p o s s ib le  th a t  
f u r th e r  passage m ight r e s u l t  in 'th e -em erg en ce  o f some d e te c ta b le  a l t e r a t i o n  
in  t h i s  p ro p e r ty .
C loning o f p laques from th e  mixed p o p u la tio n  o f th e  in te rm e d ia te  
passage  le v e ls  o f Dunning and Jan ine  and from th e  G iguerre  (2) s t r a i n  may 
y ie ld  i n t e r e s t in g  r e s u l t s .  C loning  te ch n iq u es  have n o t proved s u c c e s s fu l  
in  t h i s  in v e s t ig a t io n  and i t  was f e l t  th a t  l im i t  d i lu t io n  methods were to o  
in a c c u ra te  to  be c e r ta in  o f t ru e  c lo n in g .
I t  was p o s s ib le  to  dem onstrate th e  d if fe re n c e  betw een s t r a i n s  a t  th e  
two extrem es o f p laque s iz e ,  i n  GL-RK^ .under f lu id  m aintenance medium, 
su g g es tin g  th a t  an in c re a se  in  th e  e x te n t o f c y to p a th ic  e f f e c t  i s  
ex p ressed  as an in c re a se  in  p laque s i z e .  Fogel e t  a l  ( 1969) have 
re p o r te d  th a t  th e  v a r ia t io n s  in  th e  p laque morphology in  GL-RK^ o f  th e  
s t r a in s  th ey  examined, were l o s t  i f  th e  p laque t e s t  was c a r r ie d  out under 
a  carboxym ethyl c e l lu lo s e  o v e rlay , and th e y  suggest t h a t  th e se  f in d in g s  
in d ic a te  th a t  such v a r ia t io n s  a re  in  f a c t  a  r e f l e c t i o n  o f  th e  v a ry in g  
s e n s i t i v i t y  o f d i f f e r e n t  s t r a in s  to  in h ib i to r s  p re se n t in  th e  a g a r .
The d if fe re n c e s  no ted  above, under f l u i d  m aintenance medium in  th e  absence 
o f a g a r , would su ggest th a t  t h i s  i s  no t w holly  th e  re a so n  f o r * v a r ia t io n  
in  p laque s iz e  between s t r a i n s ,  and fu rth erm o re  th e  la c k  o f  such 
v a r ia t io n  under th e  same b a tch es  o f a g a r in  th e  Vero p laque t e s t  would
seem to  sup p o rt t h i s  v iew . I t  i s  in t e r e s t i n g  to  n o te  t h a t  some 
s t r a in s  o f Yero c e l l s  have been re p o r te d  to  la c k  th e  a b i l i t y  to  produce 
in te r f e r o n  (hesm yter e t  a l  196>3, Kohno e t  a l  1972) and .w h ils t  th e  
p a r t i c u l a r  s t r a i n  u t i l i z e d  in  t h i s  s tu d y  has n o t been t e s t e d  f o r  in te r f e r o n  
p ro d u c tio n , i t  was found th a t  r u b e l la  v iru s  d id  not i n t e r f e r e  w ith  
s u p e r in fe c t io n  o f th e se  Yero c e l l s  w ith  N e?/castle D isease  Y irus 
(G ould, unpub lished  work, 1968) .  I t  may w e ll be th a t  th e  v a r i a t io n  in  
pla,que s iz e  found betw een some s t r a in s  o f r u b e l la  i s  due i n  p a r t  a t  l e a s t  
to  d if f e re n c e s  in  s e n s i t i v i t y  and in d u c tio n  o f in te r f e r o n  in  GL-RIv^ c e l l s ,  
c e r t a in ly  th e  in f lu e n c e  o f such f a c to r s  has been dem onstrated  v e ry  n e a t ly  
f o r  S em lik i f o r e s t  v i r u s ,  N ew castle D isease  v iru s  and Y e s ic u la r  S to m a ti t is  
v i ru s  in  L c e l l s  (F auconn ier 1970) and Mirchamsy & Rapp ( 1969) have shown 
th a t  d if f e re n c e s  d e te c te d  between th e  p laq u es produced by c e r t a in  s t r a i n s  
o f m easles v iru s  in  333C-1 c e l l s  a re  n o t found in  Yero c e l l s  and t h a t  t h i s  
i s  due in  p a r t  a t  l e a s t  to  in te r f e r o n  p ro d u c tio n .
Thus a  range o f p laau e  s iz e s  i n  G L -R IC 'c e lls  have been  found amongst
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th e  low p ass  and la b o ra to ry  adap ted  s t r a i n s .  The m a jo r ity  o f low p ass  
s t r a in s  were found to  g ive sm all 1 .00  mm. p laq u es  b u t two u n u su a l s t r a in s  
were encountered  which produced la rg e  c le a r  p laques a t  a  low passage  l e v e l .  
There d id  no t seem to  be any g e n e ra l r e la t io n s h ip  be tv/e en th e  p laque  ty p e  
o f a  s t r a in .a n d  i t s  p rev io u s  h is to r y  and th e  m a jo r ity  o f th e  s t r a in s  
examined could, no t be a l te r e d  by l im ite d  p a ssag e , V/here a l t e r a t i o n s  
in  p laque s iz e  were found to  occur on l im ite d  passage th e y  seemed to  tak e  
p la c e  by two a p p a re n tly  d i f f e r e n t  p ro c e s s e s . Some ev idence  was found 
su g g es tin g  th a t  pro longed  passage cou ld  in c re a se  th e  s iz e  o f p laq u es  
produced by c e r ta in  s t r a i n s .  Extrem es o f p laque type were found to  be 
exp ressed  by sm all d if f e re n c e s  in  th e  c y to p a th ic  e f f e c t  produced in  
GL-RIC^ c e l l s  under f l u i d  medium, b u t no v a r ia t io n  in  th e  p laque  s iz e  
produced in  Yero c e l l s  could  be found between th e  s t r a in s  exam ined.
SECTION I I I
The grow th c h a r a c te r i s t i c s  o f s e le c te d  s t r a in s  
o f v iru s  in  v a r ie d  c u l tu re  system s.
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A lthough many c e l l  and t i s s u e  c u l tu re  system s have been s tu d ie d  
f o r  th e  growth o f r u b e l la  v iru s  and i t s  a n tig e n s , such as  th o se  
d e sc rib e d  by Y ah eri, Sedgwick and P lo tk in  ( 1967) and F a b iy i ,  S ever,
R a tn e r and C aplan, ( 1966) ,  Leerhoy ( 1968) and Parkman e t  a l  (l9^9)>  
few re p o r ts  have been concerned w ith  a  com parative exam ination  o f th e  
grow th c h a r a c te r i s t i c s  o f v a r ie d  r u b e l la  v iru s  s t r a i n s .  S e v e ra l 
a u th o rs  have examined a  p a r t i c u l a r  system  fo r  t i t r a t i o n  o r growth o f 
s e v e ra l  s t r a i n s ,  (F u c i l lo ,  G itn ic k , I r a u b , V/ong, Sever and Kuebner, i9 ^ 7 ? 
L iebhaber, R iordan  and Horstmann, I 967) bu t th e se  have la rg e ly / ■ d e a l t  
w ith  one o r two s t r a in s  a t  d i f f e r e n t  passage le v e l s .  D ire c t com parisons 
o f  th e  growth cu rves and a n tig e n  p ro d iic tio n  o f low p a ss  s t r a in s  have 
a p p a re n tly  n o t been u n d ertak en , and where any com parison o f such  s t r a i n s  
have been made th e y  have u s u a l ly  been based on th e  e x te n t  and tim e o f  
appearance o f c y to p a th ic  e f f e c t s  (W eller e t  a l ,  1962, R eddick e t  a l ,  1966 , 
O xford, 1969) .  G rayzel and Beck (1971) compared th e  grow th curves o f 
a t te n u a te d  s t r a in s  o f r u b e l la  in  human sy n o v ia l c e l l s  and were a b le  to  
f in d  d if fe re n c e s  in  th e  p ro d u c tio n  o f v iru s  w ith  tim e . In  view o f such 
f in d in g s ,  i t  seemed p o s s ib le  th a t  s im ila r  exam ination  o f th e  growth 
c h a r a c te r i s t i c s  o f r e p re s e n ta t iv e  s t r a in s  o f r u b e l la  m ight y ie ld  
i n t e r e s t i n g  in fo rm a tio n  as to  th e  in f lu e n c e  o f th e  p re v io u s  h i s to r y  o f th e  
v iru s  and perhaps d if f e r e n c e s  in  th e  b a s ic  growth p ro p e r t ie s  o f low p ass  
s t r a i n s .  V a r ia tio n s  in  th e  s iz e  o f p laq u es  produced by d i f f e r e n t  s t r a in s  
in  GL-RK-^ c e l l s  had been found which n ig h t be due in  p a r t  to  v a r i a t io n  
in  th e  groT/th p ro p e r t ie s  in  t h i s  c e l l  system , th u s  i t  seemed w orthw hile  
to  examine the  growth curves of th e se  s t r a in s  i n  t h i s  and o th e r  c e l l  
sy stem s.
In  o rd e r to  u n d e rtak e  such in v e s t ig a t io n s  i t  was n e c e s sa ry  to
la y  down la rg e  w orking p o o ls  o f each s t r a i n  from which sam ples cou ld
he drawn f o r  each experim en t. I t  was in ten d ed  th a t  some s e r o lo g ic a l  
and im m unological s tu d ie s  would a ls o  be c a r r ie d  o u t, th e re fo re  i t  
was n e c e ssa ry  to  produce p o o ls  o f h aem ag g lu tin a tin g  a n tig e n  f o r  each 
s t r a i n .  I t  was d e s ir a b le  th a t  th e  passage  le v e l  o f each  s t r a i n  be
change in  p ro p e r ty  o c c u rrin g  on re p e a te d  c u l tu r e ,  and fu rth e rm o re  
t h a t  th e  tre a tm e n t o f each  s t r a i n  be k ep t as  s im ila r  as th e  a t te n a b le  
t i t r e s  would a llo w . In  o rd e r to  determ ine how r e a d i ly  adequate  
t i t r e  p o o ls  o f v iru s  and haem agg lu tin in  f o r  each s t r a i n  cou ld  be 
produced in  c e l l  system s re p o r te d  to  g ive  good t i t r e s  o f b o th , a  
com parative s tu d y  o f th e  y ie ld s  o f each s t r a i n  was u n d e rtak en  in  
BHK2l/l3S c e l l s  (H alonen, Ryan & S tew art 19&7) and Yero c e l l s  
(L iebhaber e t  a l  1969) > t h i s  se rv ed  to  produce in fo rm a tio n  on how 
r e a d i ly  each s t r a i n  adap ted  to  th e  new c e l l  system  and reach ed  maximum 
ou tp u t o f v i r u s .
o f th e  c u l tu re s  g e n e ra lly  in  use  in  r u b e l la  la b o ra to r ie s  f o r  t i t r a t i o n  
o r p ro d u c tio n ; o f  r u b e l la ,  v iru s  and i t s  a n tig e n . McCoy c e l l s  a re  
d e riv e d  from human sy n o v ia l c e l l s ,  and were in c lu d ed  in  o rd e r  to  
determ ine w hether th e  r e s u l t s  o b ta in ed  in  t h i s  system  would be s im i la r
k ep t as low as p o s s ib le  in  o rd e r to  m inim ise th e  p o s s i b i l i t y  o f some
BHK2l/l3S c e l l s  were s e le c te d  as b e in g  r e p r e s e n ta t iv e
to  th o se  o f G rayzel e t  a l  (1971) in  f r e s h  sy n o v ia l c e l l s .
ivia.t>t;x .LciJm em u , iut; u x iu u s
l )  S tr a in s  o f v iru s  s e le c te d  fo r  s tu d y
The s t r a in s  s e le c te d  f o r  s tu d y  in  t h i s  s e c t io n  were chosen as 
be ing  re p re s e n ta t iv e  o f  th re e  c a te g o r ie s  o f ru b e lla }  a ttenuated .^  
la b o ra to ry  adap ted  s t r a in s }  low pass  s t r a in s  from p r e - n a ta l  in f e c t io n  
and low p ass  s t r a in s  i s o la t e d  from p o s t - n a t a l i n f e c t i o n .  These 
r e p re s e n ta t iv e  s t r a in s  a re  l i s t e d  in  Table 15 w ith  d e t a i l s  o f t h e i r  
p rev io u s  h is to r y j  th e  t i t r e s  and passage le v e ls  in  Yero c e l l s  a t  which 
p o o ls  were l a i d  down a re  a ls o  in c lu d e d . Samples fo r  a l l  grow th curve 
e s tim a tio n s  were drawn from poo ls  which were h e ld  a t  -70°C .
STRAIN PREVIOUS HISTORY PASSAGE LEY 
TITRE AT WHICH 
INFSCTIYITY
EL IN YERO +
POOL WAS LAID DOWN 
HA
RA27/3 PASS 50 in  
7/1-58
PASS 2 a t  
5 . 45n f u /0 . 5ml
PASS 3 a t  
64 HAU
HPV-77 PASS 78 in  
MK*
PASS 5 a t  
6 .20 p fu /0 .5 m l
PASS 5 a t  
128 HAU
CENDEHILL PASS 53 i n  ' 
YRK+
PASS 3 a t  
6 .50p fu /0 .5m l
PASS 4 a t  
64 HAU
DUNNING PASS 6 in  
GL-RK^
PASS 3 a t  
4 . 63p f u /0 . 5ml
PASS 4 a t  
32/64 HAU
THOMAS PASS 3 in  
GL-RK '
.
PASS 2 a t  ' 
4 *68p f u /0 . 5ml
PASS 3 a t  
128 HAU
LESLEY PASS 1 in  
MK
PASS 2 a t  
4*40pfu/0.5m l
PASS 4 a t  
32/64 HAU
* Monkey k id n ey  t i s s u e  
'+  P rim ary  r a b b i t  .kidney t i s s e .
Table 15* T i t r e  and passage  h is to r y  o f th e  s t r a in s  o f  r u b e l l a  v i ru s
s e le c te d  f o r  s tu d y .
P ro d u c tio n  o f th e se  w orking po o ls  i s  d e sc rib e d  i n  d e t a i l  i n  S e c tio n  I
2)  Assay oi haem agg lu tin in  . •
The method o f S tew art e t  a l  ( 1967) was adopted , w ith  p igeon  
e ry th ro c y te s  b e in g  used  in  p la c e  o f one day o ld  ch ick  c e l l s .  Samples 
f o r  a ssa y  were s e r i a l l y  d i lu te d  in  tw o -fo ld  s tep s  in  d e x tro se  g e la t in  
v e ro n a l b u f fe r  in  m ic r o t i t r e  t r a y s  w ith  th e  a id  o f 0.025  m l. 
m ic ro d ilu te rs  and 0.025  m l. d ro p p e rs .
The blood was f r e s h ly  c o l le c te d  from b ird s  in to  A lls e v e rs  s o lu t io n  
washed th re e  tim es w ith  0 . 85^  s a l in e  and made up to  a  0 . 2 c o n c e n tra tio n  
i u  d ex tro se  g e la t in  v e ro n a l b u f f e r .  The re d  c e l l  su sp en sio n  was k ep t 
a t  +4°C and never r e ta in e d  lo n g er th a n  48 h o u rs . H aem agglutin in  
t i t r a t i o n s  were in cu b a ted  a t  36*5°G f o r  60 m inutes o r more u s u a l ly  a t  
+4°C o v e rn ig h t, in  th e  l a t t e r  case t r a y s  were h e ld  a t  room tem p era tu re  
f o r  30 m inutes b e fo re  b e in g  re a d . The t i t r e  o f a n tig e n  quoted was th e  
r e c ip r o c a l  o f th e  h ig h e s t d i lu t io n  show ing.'50$ a g g lu t in a t io n  o f  th e  
e ry th ro c y te s . Two t i t r a t i o n s  o f each  sample were c a r r ie d  out in  any 
one t e s t ,  to g e th e r  w ith  a  t i t r a t i o n  o f a  f r e e z e -d r ie d  s ta n d a rd  c o n tro l  
haem agg lu tin in  produced by Wellcome R eagents L td . A ll  m ic r o t i t r e  
equipment 7/as m anufactured by ^SUO*.
3) Assay o f i n f e c t i v i t y
A ll  a ssay s  o f r u b e l la  v iru s  s t r a in s  were c a r r ie d  out in  th e  
m odified  GL-RK^ p laque t e s t  (See S e c tio n  I ) .  V irus d i lu t io n s  
were made in  b u ffe re d  E ag les MEM and 3 p la te s  were in o c u la te d  w ith  
each d i lu t i o n .  The s tan d a rd  c o n tro l  v iru s e s  SI (RA27/3) and AR1 
( hfv- 77) were in c lu d ed  in  ev ery  t e s t ,  T i t r e s  based on th e  average 
p laque count per. sample were exp ressed  as lo g  ^^p fu /o .5 m l.
4) Method f o r  e s tim a tin g  th e  r a t e  o f a d a p ta tio n  to  grow th in
BHK21/13S and Vero c e l l s .
C onfluen t 3 day o ld  c u l tu re s  o f BHK2l/l3S o r Vero c e l l s  were 
d ra in e d  and washed th re e  tim es w ith  serum f r e e  m aintenance medium.
Each o f 2 c u l tu re s  (4oz m edical f l a t  b o t t l e s )  re c e iv e d  a  s tan d a rd  
inoculum  o f one o f th e  6 s t r a in s  under s tu d y . A dsorp tion  was 
a llow ed f o r  30 to  45 m inutes a t  36 . 5°C b e fo re  th e  c u l tu re s  were r e fe d  
w ith  serum f r e e  m aintenance medium, one f u r th e r  medium change b e in g  
c a r r ie d  out 24 hours l a t e r .  F lu id s  were h a rv e s te d  on th e  .5th  day 
and 1 . 0ml volumes were im m ediately  passaged  to  a  f u r th e r  b a tc h  o f  
c u l tu r e s ,  th e  excess f lu id s  were s to re d  in  1 m l. volumes a t  - rJ0°C. 
Samples o f th e  f l u i d  h a rv e s t  were t i t r a t e d  f o r  v i r a l  c o n ten t in  th e  
GL-RK^2 p laque t e s t .  The c e l l s  from in fe c te d  b o t t l e s  -were sc rap ed  in to  
O.^nil o f th e  f lu i d  medium, an eq u al volume o f g ly c in e  b u f f e r  a t  pHIO 
was added and th e  whole was s e t  a t  3^*5°C o v e rn ig h t. At th e  end 
o f t h i s  p e r io d  th e  c e l l  su sp en sio n  was s e a le d  t i g h t l y  and s u b je c te d  
to  3 c y c le s  o f f r e e z in g  and thaw ing in  an alcohol-COg b a th . The 
sam ples were t i t r a t e d  f o r  haem agg lu tin in  c o n ten t and s to re d  a t  -20°C .
The p ro cess  was re p e a te d  a t  each  passage w ith  a  co n sta n t 1 .0  m l. 
volume o f inoculum . H arvests  from a l l  passage le v e ls  were r e ta in e d  
a t  -70°C f o r  f u r th e r  u s e .
5) Method fo r  e s tim a tio n  o f  the  growth r a t e  o f  v iru s  in  v a r io u s
c u l t u r e ’system s;
A) GL-RK^
T es t tu b es  c u l tu re s  o f GL-RK.^ c e l l s  were p rep a red  as 
d e sc rib e d  in  S e c tio n  I I .  The c u l tu re s  were changed to  f r e s h  MM 
and each was in o c u la te d  w ith  approx im ate ly  lOOOpfu o f  th e  s e le c te d  
s t r a i n  o f r u b e l la  v i r u s ;  a l l  s t r a in s  under in v e s t ig a t io n  b e in g  
in c lu d ed  in  one experim en t. R o lled  in c u b a tio n  was c a r r ie d  out a t  
36.5°C . H arv ests  were tak en  d a i ly  from Day 2-7» th e  f l u i d  from 
3 tu b es  b e in g  pooled  and th e  c e l l  sh e e ts  washed 3 tim es w ith  f r e s h  
MM b e fo re  b e in g  scraped  in to  a  f u r th e r  1ml. o f f r e s h  MI and d is ru p te d  
by 3 c y c le s  o f f re e z e /th a w in g . H arvests  were e i t h e r  t i t r a t e d  
im m ediately  o r s to re d  a t  -70°C u n t i l  i n f e c t i v i t y  e s tim a tio n s  were 
p o s s ib le .
B) Vero
The method was as d e sc rib e d  above f o r  G L - R K ,c u l tu r e s .
/
i ■
C) BHK2l/l35
The method was as d e sc rib e d  above f o r  G L - R K ,c u l tu re s ,
15
excep t 4th a t  h a rv e s ts  were on ly  tak en  up to  Day a t  which tim e th e  
c o n d itio n  o f th e  c e l l  sh e e ts  d e te r io r a te d  r a p id ly .
D) McCoy
The method was as d e sc rib e d  above f o r  GL-RK,.. c u l tu r e s .
RESULTS ' :
l )  The r a t e  o f a d a p ta tio n  o f s e le c te d  s t r a in s  o f v iru s  to  growth
in  BHK2l/l3S c e l l s .
F ig u re  32 i l l u s t r a t e s  th e  t i t r e s  o b ta in ed  a t  th e  r i r s t  passage  
and a t  each su cc e ss iv e  le v e l  a f t e r  f u r th e r  b l in d  p a ssa g e , up to  th e  
te n th  h a rv est*  In f e c t iv e  t i t r e s  were assayed  from p ass  one to  fo u r ,  
and haem agg lu tin in  from; p ass  one to  ten* \
The RA27/3 s t r a i n  was a p p a re n tly  w e ll adap ted  to  t h i s  c e l l  system  
and grew w e ll im m ediate ly , showing s ig n i f ic a n t  HA and an in c re a s e  in  
v i r u s  i n f e c t i v i t y  t i t r e  on f i r s t  p a ssag e , r i s i n g  s t e a d i ly  over 
subsequent p a s s e s . The HFV-77 and L esley  s t r a in s  grew v e ry  p o o r ly , 
p ro d u c in g  on ly  a  t r a c e  o f HA a t  th e  t h i r d  and fo u r th  passag e  le v e l s  
r e s p e c t iv e ly  w ith  l i t t l e  d e te c ta b le  v iru s*  The rem ain ing  s t r a i n s ,  
C e n d e h ill, Thomas and Dunning adap ted  w e ll to  th e  c e l l  system  w ith  
Thomas re a c h in g  h ig h  y ie ld s  o f v iru s  a f t e r  3 p a ssa g es . The p ro d u c tio n  
o f haem agg lu tin in  was a p p a re n tly  a  good in d ic a to r  o f th e  a d a p ta t io n  
o f th e  s t r a i n  to  th e  c e l l  system  and assay s  o f HA a lone  were co n tin u ed  
to  th e  te n th  passage le v e l .  As th e  s t r a in s  became ad ap ted  to  th e  
BHK-21 c e l l s  w ith  succeed ing  passage th e  d if fe re n c e  i n  y ie ld  from RA27/  
as compared to  Dunning, Thomas and C en d eh ill were l o s t ,  th e  HPV-77 and 
L esley  s t r a in s  d id  n o t adap t to  th e  system .
At th e  7 th  passage  an e r r o r  in  tech n iq u e  occurred  which le d  to  
th e  a ssa y  o f th e  a lk a l in e  e x tr a c t  f o r  HA p r io r  to  c e l l  d is r u p t io n ,  
i t  was no ted  th a t  th e re  was a p p a re n tly  no HA p re se n t in  th e  C en d e h ill 
in f e c te d  c e l l  su sp en sio n . The sam ples were su b je c te d  to  th re e  c y c le s  
o f f r e e z in g  and thaw ing and r e te s te d  -  a  t i t r e  o f 32 was reco rd ed  f o r  
th e  C en d eh ill HA, th e  o th e r  s t r a in s  showed sm all r i s e s  i n  HA t i t r e  in  
th e  range o f 2 to  4 f o ld ,  h a rv e s ts  from th e  rem ain ing  experim ents 
were t e s t e d  b e fo re  and a f t e r  c e l l  d is ru p t io n ,  a l l  th e  s t r a in s  ex cep t
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F igure 3 2 . V irus and haemagglutinin y ie ld  on passage in
BHK21/13S c e l l s .
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C en d eh ill. exhib ited-'-the  c h a r a c te r i s t i c  2 to  4 fo ld  r i s e  in  t i t r e ,  
hovrever l i t t l e  o r no HA could  be found in  th e  C en d eh ill p re p a ra t io n s  
p r io r  to  ru p tu re  o f th e  c e l l s ,  a f t e r  which tre a tm e n t t i t r e s  o f 16 to  64 
cou ld  be o b ta in ed .
2) The r a te  o f a d a p ta tio n  o f  s e le c te d  s t r a in s  o f v iru s  to  growth
in  Yero .c e l l s .
Ho s t r i k in g  d if f e r e n c e s  were n o ted  betw een th e  s t r a in s  examined, 
n o t un ex p ec ted ly  th e  HPV-77 s t r a i n  y ie ld e d  th e  h ig h e s t t i t r e s  o f v iru s  
and HA in  th e  f i r s t  two o r th re e  p a ssa g e s , however t h i s  s t r a i n  had had 
a p ro longed  passage  h is to r y  in  monkey k idney  t i s s u e  c u l tu r e .  Dunning 
s im i la r ly  e x h ib ite d  a  good t i t r e  o f v iru s  in  th e  f i r s t  h a rv e s t bu t 
grow th was no t s u f f i c i e n t ly  good enough to  produce d e te c ta b le  le v e ls  
o f M  befo re  th e  fo u r th  le v e l .  The rem ain ing  s t r a in s  o f  r u b e l la  
showed a  g rad u a l in c re a se  in  v iru s  y ie ld  w ith  HA a p p ea rin g  betw een th e  
2nd and 4 th  p a ssa g e . The L esley  s t r a i n  produced t i t r e s  low er th a n  th e  
o th e r  s t r a in s  b u t reached  s im i la r  le v e ls  o f HA. beyond th e  4 th  passage  
l e v e l .  A s im ila r  in v e s t ig a t io n  o f HA. t i t r e  b e fo re  and a f t e r  c e l l  
d is ru p t io n  was c a r r ie d  out and once ag a in  th e  C en d eh ill a n tig e n  was 
s ig n i f i c a n t ly  low er p r io r  to  c e l l  r u p tu r e .  The t i t r e s  o f v iru s  and 
h aem agg lu tin in  o b ta in ed  a re  shown in  F ig u re  33*
I t  was decided  th a t  th e  working p o o ls  o f th e se  6 s t r a i n s  would 
be produced in  Yero c u l tu r e s ,  a system  in  which a l l  th e  s t r a in s  grew 
to  comparable t i t r e s  a f t e r  l im ite d  p a ssa g e . The seeds fo r  p ro d u c tio n  
o f th e se  poo ls  were in  each case th e  f i r s t  h a rv e s t from th e  experim ent 
d e sc rib e d  above, a t  which t i t r e s  in  th e  re g io n  of 10 ,000pfu /0 .5m l had 
been o b ta in ed . I t  was found n e ce ssa ry  to  con tinue  th e  C en d e h ill and 
Dunning passage th rough  one f u r th e r  le v e l  due to  a low er y ie ld  th a n  
ex p ec ted , th e  HPY-77 s e e d 's e le c te d  was in  f a c t  from th e  f o u r th  passage  
le v e l  due to  a te c h n ic a l  e r r o r .  F u l l  d e ta i l s  o f th e  p ro d u c tio n  o f th e  
w orking poo ls a re  g iven  in  S e c tio n  I .
P ro d u c tio n  o f haem agg lu tin in  proved to  be more d i f f i c u l t  and a l l  
b u t th e  HPY-77 s t r a i n  had to  be tak en  a t  l e a s t  one passag e  f u r th e r  to  
o b ta in  adequate t i t r e s .
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F igu re 33# V irus and haem agglutinin y ie ld  on p a ssa g e  in
V ero c e l ls  •
0-0  V IRUS CW3HA b e f o r e  d i s r u p t i o n
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3 ) The growth r a t e  o f s e le c te d  s t r a in s  o f v iru s  in
A) GL-RK-
. . .  .  .
The grow th curves o b ta in ed  fo r  each s t r a i n  a re  shown in  
F ig u re  345 where th e  y ie ld s  fo r  i n t r a  and e x tr a  c e l l u l a r  v iru s  a re  
shown. However, i t  must be no ted  th a t  th roughout t h i s  s e c t io n  th e se  
term s in  f a c t  only  d is t in g u is h  v iru s  p re s e n t in  th e  f l u i d  h a rv e s t 
( e x t r a c e l lu l a r )  and in  th e  c e l l  h a rv e s t a f t e r  d is ru p tio n  ( i n t r a c e l l u l a r ) .
Maximum t i t r e s  fo r  i n t r a  and e x tra  c e l l u l a r  v iru s  were reached  by th e  : 
t h i r d  o r f o u r th  day w ith  a  g rad u a l f a l l - o f f  th e r e a f t e r .  The g r e a te s t  
d ivergence  o f th e  curves fo r  i n t r a  and e x tra  c e l l u l a r  v iru s  were seen  
in  th e  C en d e h ill, Thomas and L esley  s t r a in s  and th e  h ig h e s t  t i t r e s  
ach ieved  were w ith  EPY-77#
B) Yero
F ig u re  35 i l l u s t r a t e s  th e  growth curves o b ta in ed  in  Yero c e l l s .  
Maximum t i t r e s  were reached  by th e  fo u r th  and f i f t h  day, th e  i n t r a c e l l u l a r  
v i ru s  re a ch in g  a  peak 24 hours b e fo re  th e  e x t r a c e l lu la r  v i ru s  f o r  HPY-77? 
C en d e h ill and Dunning. . The L esley  and RA27/3 s t r a in s  produced maximum 
t i t r e s  approx im ate ly  te n - f o ld  low er th a n  th e  o th e r  fo u r  s t r a i n s .  There 
was a p p a re n tly  no s ig n i f ic a n t  v a r i a t io n  between, i n t r a  and e x t r a c e l lu l a r  . 
v i ru s  fo r  any o f th e  s t r a in s  examined.
F igu re  3 4 . Growth cu rve of in tra  and e x tr a ­
c e llu la r  v iru s in GL-RK-^o c e l l s .
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F igu re 35 Growth curve of in tra  and e x tr a ­
c e llu la r  v iru s in V ero c e l ls  •
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: C) BHK21/13
The growth curves obtained'for RA27/3* Cendehill, Dunning 
and Thomas are shown in Figure 36, the HPY-77 and Lesley strains 
did not produce detectable levels of virus. Maximum titres of virus 
were reached at 4 days for all but the HA27/3 strain, followed by a 
maintenance or drop in titre on the final day of harvesting. The virus 
yield of the RA27/3 strain was still rising on the final day in spite 
of the poor quality of the cell sheets by this time. The highest 
titres Yiere obtained for RA27/3 and Thomas and again .the Cendehill 
strain shov/ed a divergence between extra and intracellular virus, 
the latter being approximately 0.5 log higher at the peak of virus 
production. The remaining three strains showed higher extracellular 
virus titres throughout, the difference being most marked for RA27/3 
and Thomas on the final day of testing when the cell sheets were ' 
beginning to deteriorate.
d) McCoy cells.
The growth curves cf all six strains are shown in Figure 37* 
Little or no groY/th occurred with the RA27/3 or HFV-77 strains, virus 
reaching detectable levels in few of the harvests. Cendehill and 
the three low pass strains showed production of virus with maximum 
levels between 2 .0  and 3*0 logs. Cendehill, Dunning and Lesley 
showed peak titres at Day 5 with fall-off thereafter whilst the 
Thomas strain reached the highest levels at day 3 and 4 with a : 
gradual fall off to day 7* The Lesley strain did not produce 
detectable virus after the fifth day.
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F ig u re  3 6 . Growth cu rve of in tra  and e x tr a ­
c e llu la r  v ir u s  in B H K 21/12S  c e l l s .
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F igu re  3 7 . Growth curve of in tra  and e x tr a ­
c e llu la r  v iru s  in  M cCoy c e l ls  .
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DISCUSSION
Th© simple adaptation experiment designed to ascertain the
low est passage le v e l  a t  which adequate v iru s  and haem agg lu tin in
t i t r e s  cou ld  be o b ta in e d , y ie ld e d  in te r e s t in g  in fo rm a tio n  about th e
d if f e r e n c e s  in  grow th c h a r a c te r i s t i c s  o f th e  s ix  s t r a in s  exam ined.
The HPY-77 and L esley  s t r a in s  were u nusual in  th a t  l i t t l e  o r  no v iru s
and haem agg lu tin in  a n tig e n  was produced in  BHK2l/l3S c e l l  c u l tu r e s .
This f in d in g  was confirm ed o n ’exam ination  o f th e  growth r a t e  o f th e
1
Vero-grown pools of these strains in BHK21/13.S cultures.
The RA27/3 strain grew well in BHK2l/l3'S when first introduced 
into those cells, without the normal 'lag* period expected for a virus 
to adapt to a new culture system.. Virus and haemagglutinin were 
produced on first passage; production of haemagglutinating antigen 
appeared to be a good indicator of adaptation to a culture system for 
the majority of strains. required two or three passages before 
significant levels were reached.
. The ap p aren t a d a p ta tio n  o f RA27/3 to  BHK21/13.S m ight w e ll form 
th e  b a s is  o f a  m arker system  f o r  t h i s  s t r a i n  and c e r t a in ly  th e  o n ly  
su c c e s s fu l r e p o r ts  o f p laque p ro d u c tio n  in  t h i s  c e l l  system  have been 
w ith  th e  EA27/3 s t r a i n  (P lo tk in , 1969) ,  a  f a c t  which would seem to  
sup p o rt th e  o b se rv a tio n s  no ted  h e re . This d i s t i n c t io n  betw een RA27/3  
and th e  rem ain ing  th re e  s t r a in s  which grew in  BHK21/13S c e l l s  was 
r a p id ly  l o s t  on p a ssag e , as th e  C e n d e h ill, Dunning and Thomas s t r a i n s  
reached  eq u a l le v e ls  o f v iru s  and h aem agg lu tin in  p ro d u c tio n . S im ila r ly  
th e  la c k  o f growth encountered  w ith  th e  HPV-77 s t r a i n  may p rove to  be 
a  u s e f u l  d is t in g u is h in g  f a c to r ,  however i t  must be n o ted  th a t  th e  low 
p a ss  L es ley  s t r a i n  a ls o  e x h ib ite d  t h i s  p ro p e r ty ;  p o s s ib ly  la c k  o f
grow th in  3HK21/13S coupled w ith  a  f u r th e r  p ro p e rty  such as p laque 
ty p e  in  GL-RK^ c e l l s  may serv e  th e  p u rp o se .
No s ig n i f ic a n t  d if f e r e n c e s  were no ted  between th e  s t r a in s  in  Yero 
c e l l s ,  th e  HPY-77 n o t u n e x p e c te d ly  i n  view  o f i t s  p rev io u s  h is to r y ,  
b e in g  w e ll adap ted  to  t h i s  c u l tu re  system .
I t  was I n te r e s t in g  to  n o te  th a t  th e  m a jo r ity  o f th e  C en d eh ill 
h aem agg lu tin in  was a p p a re n tly  c e l l  bound’ o r masked in  some v/ay, f o r  in  
“b o th  BHK/13S and Yero c e l l s  h aem ag g lu tin a tin g  a n tig e n  cou ld  n o t be 
d e te c te d  p r io r  to  c e l l u l a r  d is ru p t io n .  T his phenomenon was n o t observed  
f o r  th e  o th e r s t r a in s  examined. Furtherm ore only  th e  C en d eh ill s t r a i n  
showed a h ig h e r i n t r a c e l l u l a r  v iru s  t i t r e  th a n  th a t  o b ta in ed  f o r  
e x t r a c e l lu l a r  v iru s  in  BHK21/13S growth cu rv e .
The h ig h e s t peak t i t r e  o b ta ined  in  th e  GL-RIC^ grow th cu rves was 
t h a t  o f  th e  HPY-77 s t r a i n ;  w ith  an inoculum  grown in  Vero t h i s  was in . 
f a c t  th e  only  la rg e  p laque s t r a i n  in  t h i s  experim ent, f o r  th e  Dunning 
s t r a i n  was a  p redom inan tly  sm all p laque  type  by th e  t h i r d  p ass  in  Vero 
c e l l s .  These r e s u l t s  might suggest t h a t  th e  p laque s iz e  i n  GL-RK^ 
c e l l s  may w e ll r e f l e c t  in  p a r t  a t  l e a s t  th e  r e l a t i v e  e f f ic ie n c y  o f 
r e p l i c a t io n  in  t h i s  c e l l  system . In  Yero c u ltu re s  th e  RA27/3 and 
L esley  s t r a in s  produced m a rg in a lly  lov/er v iru s  t i t r e s .  I t  can  be seen  
th a t  th e  C en d e h ill, Dunning and Thomas s t r a in s  grew as  w e ll as HPY-77 
in  t h i s  system , perhaps su g g es tin g  ra p id  a d a p ta tio n  to  th e  same le v e l  
o f r e p l i c a t io n  as HPY-77 w ith  i t s  p ro longed  passage h i s to r y  in.m onkey 
k idney  t i s s u e  c u l tu r e .
The marked d i s t in c t io n  between RA27/3  and th e  o th e r  s t r a in s  o f  r u b e l l a  
examined in  3BK21/13S was n o t e n t i r e l y  borne out in  th e  grow th curve 
ex p erim en ts . The Thomas s t r a i n  reached  eq u al le v e ls  o f v i ru s  p ro d u c tio n  
which were m ain ta ined  on th e  f i f t h  day, however only  in  th e  RA27/3 s t r a i n
was th e re  a  co n tinued  r i s e  in  bo th  i n t r a  and e x t r a c e l lu l a r  v iru s  by
t h i s  p o in t .  I t  may be th a t  passage  in  Vero has in  some way in flu en c ed
th e  growth c h a r a c te r i s t i c s  o f th e  Thomas s t r a i n  in  BHK2l/l3S c e l l s ;
certainly this strain appeared to produce levels of virus as high as
th e  la b o ra to ry  adap ted  s t r a in s  in  Vero, BHK21/13S and McCoy c e l l s ,
suggesting possibly a general adaptation to in vitro growth, only in
GL-RIC _ c e l l s  were s ig n i f i c a n t ly  low er t i t r e s  encoun tered  f o r  t h i s  s t r a i n .  
Jo ;
The McCoy cell line was derived from human synovial cells and it 
was possible that differences in growth characteristics of the six strains 
of rubella examined, might be related to their ability to replicate in 
synovial tissues in vivo and hence cause arthritic and arthralgic 
reactions. RA27/3 and HPV-77 vaccine strains seemed to produce little 
virus in the McCoy cell system. However the reported incidence of 
complications after vaccination was lower for Cendehill than for either 
of these two strains (Cooper, Zering, Weiss, Matters and Krugman, I9 6 9), 
and Grayzel et al (1971) have reported the production of higher titres of 
virus with the HPV-77 strain as compared to the Cendehill strain in non- 
rheumatoid synovial cell strains. These results would suggest that the 
IvIcCoy cell line does not offer a model system for this type of vaccine 
reaction, however it was interesting in that it offered another 
distinction in the growth properties of the HA27 /3 and.HPV-77 strains 
as compared to Cendehill and the three low pass strains examined.
Thus, i t  has been p o s s ib le  to  dem onstrate  v a r ia t io n s  in  th e  grow th 
c h a r a c te r i s t i c s  o f th e  s ix ' s t r a in s  o f r u b e l la  examined in  BHK2l/l3S, 
GL-RK^ and McCoy c e l l s  which d id  n o t appear to  be d i r e c t l y  r e l a t e d  to  
th e  p rev io u s  passage h is to r y  o f th e  s t r a i n ,  on ly  L esley  o f th e  th re e  
low p ass  s t r a in s  examined was d i s t in c t iv e  in  th a t ,  l i t t l e  o r no v i r u s  
was produced in  BEK2l/l3S c u l tu r e s .
SECTION IV
The th e rm al s t a b i l i t y  o f s e le c te d  s t r a in s  o f 
r u b e l la  v iru s  as m easured by s u rv iv in g  i n f e c t i v i t y
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Pew re p o r ts  appear in  th e  l i t e r a t u r e  concern ing  th e  th e rm a l s t a b i l i t y  
o f  r u b e l la  v i r u s ,  and th o se  w hich 'do  appear a re  la rg e ly  concerned w ith  
v acc in e  m anufacture (HuygeIan, Peeterm ans, C o lin e t, Z ygraich  and F ogard , 
1969) .  K i s t l e r  e t  a l  I 1972) have p re se n te d  r e s u l t s  f o r  th e  W right s t r a i n  
o f r u b e l la  b u t as y e t no com parative d a ta  i s  a v a ila b le  co n cern in g  the  
e f f e c t s  o f h e a t on s t r a in s  o f r u b e l la  v iru s#
I t  was decided  th a t  a  v e ry  sim ple com parison of th e  6 s t r a i n s  o f 
r u b e l la  under in v e s t ig a t io n  would be made, which would tak e  th e  form  of 
a  s tu d y  o f th e  f a l l  o f f  o f i n f e c t i v i t y  w ith  tim e a t  50°C and 52 . 5°C*
MATERIALS AIR) METHODS
l )  S tr a in s  o f v iru s  s e le c te d  f o r  S tudy.
The s t r a i n s  s e le c te d  f o r  s tu d y  i n  t h i s  s e c t io n  a re  d e sc r ib e d  in  
d e t a i l  i n  S e c tio n  I I I  and a re  l i s t e d  in  Table 16 w ith  d e t a i l s  o f t h e i r  
passage  h is to ry #  A ll  sam ples employed in  t h i s  in v e s t ig a t io n  were 
drawn from th e  ’working p o o ls  l a id  down a t  -70°C -  see  S e c tio n  I
STRAHI PREVIOUS HISTORY PASSAGE LEVEL IN VERO & 
TITRE OF Y/OEKING POOLS
RA27/3 PASS 50 in  
Y/I-08
PASS 2 a t  
5#45T>fu./0.5ml
HPV-77 PASS 78 in
m
PASS 5 a t  
6 .20n fu /0 .5m l
CENDEHILL PASS 53 in  
YRK
PASS 3 a t  
6 .50pfu/0#5m l
DUNNHTG PASS 6 in PASS 3 a t
. 4*65pfn/0#5^1
TH0ILA.S PASS 3 in  
GL-RK, 2
PASS 2 a t  
4*68pfu/0#5ml
LESLEY PASS 1 in  
'MK .
PASS 2 a t  
4#40pfu/0 .5m l
.T a b le  16. Passage h i s to r y  and i n f e c t i v i t y  t i t r e s  o f 
s t r a in s  s e le c te d  fo r  s tu d y
2) Assay o f r e s id u a l  i n f e c t i v i t y
The method employed f o r  a ssa y  o f th e  v i r a l  c o n ten t o f sam ples 
was as d e sc rib e d  in  S e c tio n  I I I
3) Method for estimating thermal stability at' 50WC and 32*5''C
Samples of each strain of rubella were drawn from the working 
pools and diluted to approximately equal titres, l#Oml aliquots 
were added to equal volumes of prewarmed buffered Eagles M  and 
placed in a water bath at 50°C or 32*5°C* Samples were withdrawn 
from the sealed bijoux at stated intervals and immediately titrated 
for infectious virus in the GL-EK^ plaque test# The surviving 
virus was quoted as a percentage of the original plaque count estimated 
at time 0, and the inactivation curves obtained by plotting surviving 
virus against time.
RESULTS . : ; ..; '
l) Thermal stability at 50°C
The inactivation curves obtained are shoY/n in Figure 38#
Two distinct inactivation patterns were obtained; the two strains 
Dunning and Thomas gave straight line patterns suggestive of a 
first order reaction, with virus reaching undetectable levels in 
30 minutes. The remaining"four strains showed an initial first 
order reaction followed oy a slowing in the rate of inactivation 
and a tailing effect with complete inactivation after 30 minutes for 
all but the Cendehill strain* The fastest initial rate of 
inactivation was recorded for the Cendehill strain, closely 
followed by RA27/3 and HPV-77* then the Lesley strain and finally 
Dunning and Thomas*
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Figure 38. Percentage plaque survival with time
at 50°C.
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RA27/3 and. Dunning, strains only, were examined in this section# 
The inactivation patterns obtained are shown in Figure. 39* A simple 
straight line inactivation pattern was found for the Dunning strain, 
whilst that recorded for the BA27 /3 strain was still a two part curve 
with slowing in the rate of inactivation occurring. It was 
interesting to note that the rate of inactivation of the Dunning 
strain was faster than that of RA27 /3 at this temperature.
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Figure 39 . Percentage plaque survival with time
at 32 .5  C .
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DISCUSSION
Two d i s t i n c t  ty p es  o f in a c t iv a t io n  p a t te r n  were found, th e  two 
c o n g e n ita l s t r a in s  Dunning and Thomas showed a  ty p ic a l  f i r s t  o rd e r 
r e a c t io n  w ith  re d u c tio n  o f v iru s  to  u n d e te c ta b le  le v e ls  a f t e r  25 
m in u tes , th e  rem ain ing  s t r a in s  e x h ib ite d  a  t a i l i n g  e f f e c t ,  some w ith  
incom plete  in a c t iv a t io n  a t  J>0 m in u tes . K i s t l e r  e t  a l  ( 1972) have 
re p o r te d  a  s im ila r  e f fe c t- 'w ith  th e '7 /r ig h t s t r a i n  o f r u b e l l a ,  showing 
a  f a l l  o f f  fo llow ed  by a. s u rv iv in g -p o p u la tio n  even a f t e r  50 m inutes 
a t  a  tem p era tu re  o f ’J0°C ; th e y  su g g est th a t  th e  phenomenon may be 
due to  a  s c re e n in g  e f f e c t  o f c e l l u l a r  d e b r is  p re se n t in  th e  v i ru s  p o o l, 
f o r  t o t a l  in a c t iv a t io n  can be ach ieved  i f  th e  sample i s  f i l t e r e d  
th rough  a  0 .22  membrane p r io r  to  in a c t iv a t io n ,  or h e a tin g  co n tin u ed  
to  120 m in u tes . I t  i s  p o s s ib le  th a t  v i r a l  ag g reg a tes  m ight a ls o  have 
th e  e f f e c t  o f sc re e n in g  some o f th e  p o p u la tio n  from th e  th e rm a l 
r a d ia t io n ,  r e s u l t i n g  in  a  d e v ia t io n  from th e  f i r s t  o rd e r c u rv e .
A lb re c h t '& Schumacher (1972) have in te r p r e te d  s im ila r  two p a r t  cu rves 
f o r  m easles v iru s  as b e in g  in d ic a t iv e  o f a  h e te ro lo g o u s  p o p u la tio n , w ith  
th e  s t r a ig h t  l i n e ,  f i r s t  o rd e r p a t te r n ,  im ply ing  a  homologous v i r u s  
su sp en sio n .
However 7/oese (1 9 5 0  i n a  su rvey  o f th e rm al in a c t iv a t io n  o f  v iru s e s  
n o ted  th a t  th e  two p a r t  cu rv e , d e v ia t in g  from th e  sim ple e x p o n e n tia l law 
i s  in  f a c t  th e  normal r e s u l t  w ith  most anim al v i r u s e s .
At f i r s t  s ig h t  i t  would appear th a t  an e x tra p o la t io n  o f th e  second 
p a r t  o f  the ' curve, would in d ic a te  th e  p e rcen tag e  of th e  p o p u la tio n  b e in g  
in a c t iv a te d  a t  a .s lo w e r r a t e ,  however t h i s  p e rcen tag e  a l t e r s  w ith  th e  
tem p era tu re  o f in a c t iv a t io n ,  becoming alm ost 100$ w ith  some v i r u s e s .  
(K aplan, 1958* Woese 1956). In  o rd e r to  determ ine w hether t h i s  was 
th e  phenomenon seen  in  r u b e l la  v i r u s ,  two o f th e  s t r a in s  w ere sampled
th e  in te r c e p t  was found to  have moved tow ards 100$, as d e sc rib e d  by 
Kaplan fo r  v a c c in ia  v iru s  (1 9 5 8 )j thus su g g es tin g  th a t  th e  two p a r t  
cu rves seen  f o r  r u b e l la  v i ru s ' a re  n o t ex p la in ed  sim ply by h e te ro g e n e ity ;  
th e  f i r s t  o rd e r l in e  f o r  Dunning rem ained unchanged. H ia t t  ( 1964) lias 
su g g ested  th a t  th e  two p a r t  curve may be ex p la in ed  by th e  p resen ce  o f 
b o th  i n t a c t  and uncoated  in fe c t io u s  v i r u s ,  th e  l a t t e r  b e in g  f re e d  by 
h e a t d e n a tu ra tio n  o f th e  p r o te in  c o a t, th u s  th e  h e te ro g e n e ity  i s  in  f a c t  
induced by h ea t in p u t .  I t  i s  p o s s ib le  t h a t  th e  im coated  v iru s  w ou ld . 
be le s s  e f f i c i e n t l y  d e te c te d  in  an a ssay  system  th an  com plete v iru s  and 
w h ils t  th e  r a t e s  o f in a c t iv a t io n  i . e .  th e  s lo p e  o f th e  two p a r t s  o f the  
cu rv e , would rem ain unchanged, th e  in te r c e p t  found on e x tr a p o la t io n  
m ight d i f f e r  in  an a l t e r n a t iv e  a ssay  system . Hovi e t  a l  ( 1970) have 
shown th a t  uncoated  r u b e l la  p a r t i c l e s  a re  s t i l l  in f e c t io u s  and i t  rem ains 
p o s s ib le  th a t  H i a t t 's  th e o ry  may ap p ly  to  r u b e l la  v i r u s .  I t  th u s  became 
p o s s ib le  th a t  th e  fo u r s t r a in s  showing two p a r t  curves were v a ry in g  in  
t h e i r  s e n s i t i v i t y  to  th e  h e te ro g e n e ity - in d u c in g  e f f e c t  o f h e a t ,  r e s u l t i n g  
in  v a r ia t io n  between the: e x tra p o la t io n  in te r c e p t s ,  as w e ll as a  sim ple 
v a r ia t io n  in  s e n s i t i v i t y  to  th e rm al in a c t iv a t io n .
I t  i s  d i f f i c u l t  to  i n t e r p r e t  th e  s t r a ig h t  l i n e ,  f i r s t  o rd e r 
r e s u l t s  fo r  Dunning and Thomas beyond ah assum ption  th a t  th e y  d i f f e r  in  
some p h y s ic a l p ro p e r ty  from th e  o th e r  s t r a in s  examined w hich re n d e rs  
them more r e s i s t a n t  to  th e  u n c o a tin g  p o te n t i a l  o f th e  h e a t in p u t .
I t  may w e ll be t h a t  a t  h ig h e r tem p era tu res  a  two p a r t  curve would be 
seen , fo r  i t  must be no ted  th a t  f o r  v a c c in ia  v iru s  (K aplan 1958) th e  
curves were approach ing  l i n e a r i t y  by a  tem p era tu re  o f 50°G« I t  i s  
i n t e r e s t in g  th a t  b o th  o f th e se  s t r a in s  o r ig in a te d  from c o n g e n i ta l ly  
in fe c te d  in f a n ts  and i t  i s  p o s s ib le  t h a t  p ro longed  r e p l i c a t i o n  i n  v iv o
has r e s u l te d  in  t h i s  a l t e r a t i o n  in  p ro p e r ty .
r
C o n sid erin g  th e  only  i n i t i a l  p a r t s  o f th e  in a c t iv a t io n  cu rves f o r  
th e se  6 s t r a in s  o f r u b e l la ,  i t  becomes a p p a r e n t 'th a t  th e  s e n s i t i v i t y  to
f
th e rm al in a c t iv a t io n  l i e s  in  a  range from Dunning and Thomas, a p p a re n tly  
most s t a b l e ,-through Lesley to RA27/3 and HPV-77 a^ id f i n a l l y  to  C en d eh ill 
showing the greatest heat lability.- ,
The change in  th e  r e l a t i v e  s t a b i l i t y  t o  in a c t iv a t io n  a t  32.5°C 
was i n t e r e s t i n g ,  .w ith  th e  i n i t i a l  r a t e  f o r  RA27/3 b e in g  s low er th a n  th a t  
o f th e  Dunning s t r a i n .  These r e s u l t s  may w e ll suggest th a t  th e  
d if fe re n c e s ' no ted  between th e  s t r a in s  a t  50°C may be more th a n  a  sim ple 
g ra d u a tio n  in  s t a b i l i t y  .to -.therm al in a c t iv a t io n .  A com parison o f th e  
in a c t iv a t io n  p r o f i l e s  o f  a l l  th e  s t r a in s  a t  s e v e ra l  tem p era tu res  m ight 
w e ll prove in te r e s t in g ,  however th e  tech n iq u e  employed h e re  vrould 
p ro b ab ly  be to o  crude f o r  such  com parisons, f o r  th e  accu racy  o f 
tem p era tu re  m aintenance in  a sim ple bench w a te r-b a th  would n o t be 
s u f f i c i e n t l y  f in e  f o r  com parisons to  be made over a  c lo se  range o f 
te m p e ra tu re s .
SECTION V
Im m unogenicity o f r u b e l la  v iru s  in  r a b b i t s  
and a  com parison o f s e le c te d  s t r a in s  by 
h aem ag g lu tin a tio n  in h ib i t io n  and n e u t r a l i z a t io n  t e s t s .
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a n t ig e n s ,
D iscu ss io n  184
Huygelen and.Peeterm ans ( 1967) re p o r te d  th e  ap p aren t i n a b i l i t y  • 
o f th e  C en d eh ill s t r a i n  a f t e r  e x ten s iv e  r a b b i t  k idney  p a ssa g e , to  
induce a n tib o d ie s  in  r a b b i t s ,  Oxford (1969) however was a b le  to  
dem onstrate  a low r a t e  o f co n v ersio n  u s in g  m u ltip le  in o c u la t io n s  and 
a  d i f f e r e n t  s t r a i n  o f r a b b i t s ,  fu r th e rm o re , Oxford was a b le  to  show 
a  s t r a i n - r e l a t e d  g ra d u a tio n  o f re s p o n s e , 'w i th  r a b b i t s  re c e iv in g  low 
p ass  s t r a in s 'e x h ib i t i n g  co n v ersion  to  h ig h e r  n e u t r a l iz in g  t i t r e s  o f 
an tib o d y . S im ila r ly , London, F u c i l lo ,  Ley and Sever (1971) found 
th a t  a  s in g le  in trav en o u s  in o c u la t io n  e l i c i t e d  a  response  which c le a r ly  
d i f f e r e n t i a t e d  between w ild  and a tte n u a te d  s t r a i n s ,  Z ygra ich ,
Peeterm ans and Huygelen, (1971) were ab le  to  show t h a t  in trav e n o u s  
in o c u la t io n  o f C en d eh ill v i ru s  could  induce an an tib o d y  re sp o n se  in  
r a b b i t s ,  w h ils t  subcutaneous and in tra d e rm a l a d m in is tra tio n  f a i l e d  to  
do so in  th e  f iv e  hundred anim als t e s t e d ,  Oxford and P o t t e r  (1970) 
had a ls o  dem onstrated  th e  f a i l u r e  to  induce C en d eh ill a n tib o d ie s  u s in g  
unpassaged va.ccine a d m in is te red  in tra m u s c u la r ly . They a ls o  re p o r te d  
th a t  two in o c u la tio n s  o f lOOOTCXD^ o f w ild  v iru s  were re q u ire d  to  induce 
a  good an tib o d y  re sp o n se , w h ils t  Z ygraich  e t  a i  (1971) ach iev ed  s im i la r  
le v e ls  a f t e r  a d m in is tra t io n  o f as l i t t l e  as 5 TCID^q o f such  s t r a i n s .
I t  seemed p o s s ib le  t h a t  th e  passage o f even th e  w ild  s t r a i n s  th ro u g h  • 
r a b b i t  t i s s u e  p r io r  to  in o c u la t io n , a s  c a r r ie d  out by Oxford e t  a l ( l 9 7 0 ) > 
m ight w e ll reduce th e  im m unogenicity o f such s t r a in s  in  th e  r a b b i t .
Thus i n  th e  l i g h t  o f th e se  d a ta  i t  was decided  th a t  r u b e l la  v i r u s  grown 
in  t i s s u e  o th e r  th a n - ra b b i t  would be most e f f e c t iv e  in  in d u c in g  a n tib o d y  
and fu rtherm ore  th a t  th e  in trav en o u s  ro u te  would a ls o  prove more 
rew ard in g . Two experim ents were c a r r ie d  o u t, th e  f i r s t  in  which 
C a l ifo rn ia n  s t r a i n  r a b b i t s  re c e iv e d  w eekly in o c u la tio n s  o f th e  s ix  s t r a i n s  
o f  r u b e l la  v iru s  by th e  in trav en o u s  ro u te  and th e  second in  w hich a  s in g le  
in o c u la t io n  was ad m in is te red  by th e  same ro u te .
B an a tv a la  e t  a l  (1969) and B est and B anatva la  (1970 ) were n o t 
ab le  to  dem onstrate  a  s ig n i f ic a n t  v a r ia t io n  in  th e  s t r a in s  o f r u b e l la  
th e y  examined by s tan d a rd  c ro ss  or k in e t ic  h aem ag g lu tin a tio n  in h ib i t i o n  
te c h n iq u e s , s im i la r ly  Kono ( 1969) was unable  to  show any a n tig e n ic  
d if fe re n c e  between Japanese s t r a in s  and American s t r a in s  of r u b e l la  in  
a  sim ple  c ro ss  HAI t e s t .  I t  was n o t p o s s ib le  to  ap p ly  a k in e t i c  HAI . 
to  th e  s e r a  o b ta ined  in  t h i s  s tu d y  as th e  t i t r e s  of h aem agg lu tin in  were 
n o t adequate  fo r  a l l  o f th e  - s t r a in s ,  and i t  was f e l t  th a t  p a ssa g in g  v iru s  
to  h ig h e r  le v e ls  to  o b ta in  th e  re q u ire d  t i t r e s  would in tro d u c e  an unwanted 
v a r ia b le  in to  th e  p ro ced u re , fo r  i t  was no t known how a s t r a i n  m ight a .l te r  
i n  a n t ig e n ic i t y  w ith  p a ssa g e . C e r ta in  p ro p e r t ie s  a re  known to  change on 
p a ssa g e , and a l l  s t r a in s  may n o t be a f fe c te d  in  the  same Way, f o r  exam ple, 
a n t ig e n ic i ty  in  r a b b i t s ,  p laque fo rm atio n  and growth p o te n t i a l  i n  c e r t a in  
t i s s u e s ,  (Oxford 1969 , Morgan 1969, Gould e t  a l ,  1972),
I t  was thought d e s ir a b le  to  keep th e  passage le v e l  o f each  s t r a i n  
as low as p o s s ib le  in  o rd e r to  m inim ise v a r ia t io n  from th e  o r ig in a l  
m a te r ia l  and a ls o  to  keep th e  passage h i s to r i e s  o f th e  s t r a i n s  as s im ila r  
as p o s s ib le  once th e y  had been re c e iv e d  in  th e  la b o ra to ry . F urtherm ore 
w ith  re g a rd  to  t e s t s  in v o lv in g  HA i t  was decided  th a t  a  ?diole v iru s  
h aem agg lu tin in  as produced by a lk a l in e  e x tr a c t io n ,  p o s s ib ly  p ro v id ed  a 
more s e n s i t iv e  in d ic a to r  o f a n tig e n ic  v a r ia t io n  th an  an e th e r  s p l i t  
a n t ig e n . I n  u s in g  the, same a n tig e n s  f o r  in d u c tio n  o f  a n tib o d y  and i t s  
a ssa y , a  t o t a l l y  homologous system  could  be ensu red ; however in  o rd e r  to  
o b ta in  s u f f i c i e n t  t i t r e s  o f haem agg lu tin in  th e  a n tig e n  g e n e r a l ly  re c e iv e d  
one f u r th e r  passage on from th a t  used  f o r  in o c u la tio n  o f th e  r a b b i t s .
most s e n s i t iv e  in  any system  f o r  d e te c t io n  o f s e r o lo g ic a l  v a r ia t io n  
(McBride 1959 j B est e t  a l ,  1970)> f u r th e r  S atu rno  and Henderson (1965) 
and Young and Johnson (1969) have shown th a t  a n t i s e r a  a g a in s t  W estern 
equine e n c e p h a l i t is  and V enezuelan equine e n c e p h a l i t is  r e s p e c t iv e ly ,  
could  v a ry  in  t h e i r  s p e c i f i c i t y  depending on th e  anim als and th e  
immunizing programme ado p ted . I t  was decided  th a t  a  com plete c ro ss  
h aem ag g lu tin a tio n  in h ib i t i o n  exam ination  o f a l l  th e  b leed in g s  from 
r a b b i t s  g iven  s in g le  and m u ltip le  immunizing doses would cover th e  range 
from e a r ly  to  hyperimmune s e r a ,  and in c lu d e  anim als on e x a c t ly  s im i la r  
immunizing programmes; f u r th e r  v a r ia t io n s  i n  th e  resp o n se  p a t t e r n  o f 
th e  an im als when assayed  a g a in s t  h e te ro lo g o u s  a n tig e n s  m ight in d ic a te  
some s t r a i n  v a r i a t io n .
The on ly  r e p o r ts  o f com parative s tu d ie s  o f s t r a in s  o f r u b e l l a  v i r u s  
in . th e  n e u t r a l i z a t io n  t e s t  have invo lved  an a ssay  o f  th e  r e s id u a l  v iru s  
su rv iv in g  n e u t r a l i z a t io n  by r i s i n g  d i lu t io n s  of a n tis e rs , ,  P lo tk in  e t  a l  
( 1969) and Oxford (19&9) were ab le  to  show sm all s e r o lo g ic a l  d if f e r e n c e s  
between th e  s t r a in s  th e y  in v e s t ig a te d ,  and fu rtherm ore  P lo tk in  was a b le  
to  dem onstrate  th e  e x is te n c e 1 o f a  p a r t i c u l a r l y  a n tib o d y -s e n s i t iv e  s t r a i n ,  
HPV-77>which was always n e u tr a l iz e d  more e f f e c t iv e ly  th a n  th e  o th e r  
s t r a in s  examined, by b o th  homologous and h e te ro lo g o u s  a n t i s e r a ,
ICono ( 1969) ,  however was unab le  to  show any d if fe re n c e s  in  th e  s t r a in s  
he in v e s t ig a te d  by sim ple e s tim a tio n  o f th e - 'a n tib o d y  t i t r e s  .a g a in s t  
Japanese and American s t r a in s  o f r u b e l la  v i r u s ,
McBride (1959) had been ab le  to  dem onstrate  sm all a n tig e n ic  
d if fe re n c e s , w ith in  th e  p o l io  v iru s  ty p es  by measurement o f th e  v e lo c i ty  
o f th e  n e u t r a l i z a t io n  r e a c t io n  o f a p a r t i c u l a r  an tise ru m  a g a in s t  
homologous and h e te ro lo g o u s  s t r a in s  o f v i r u s ,  he n o ted  th a t  th e  serum 
n e u tr a l iz e d  th e  homologous v iru s  a t  a  f a s t e r  r a t e  th a n  th e  h e te ro lo g o u s
(Adams,1950? L u ria , 1953)? srid re q u ire d  on ly  th a t  th e  n e u t r a l i z a t io n  
r e a c t io n  proceeded by f i r s t  o rd e r k in e t i c s ,  i n i t i a l l y  a t  l e a s t ,
D ulbecco, Vogt and S tr ic k la n d  (1957)' ^ e re  ab le  to  dem onstrate  th a t  th e  
k in e t ic s  o f n e u t r a l i s a t io n  o f anim al v iru s e s  could  in  some cases  be 
s im i la r ly  an a ly sed  and th e  r a t e  c o n s ta n t (iv) o f a  g iven  seru m -v iru s  
n e u t r a l i z a t io n  r e a c t io n  c a lc u la te d .  Comparisons of th e  r a t e  o f  
n e u t r a l i z a t io n  or th e  r a t e  c o n s ta n t, K, cou ld  th en  be made f o r  one serum 
a g a in s t  s e v e ra l  a n tig e n s , and m inor v a r ia t io n s  h ig h lig h te d , which were 
to o  f in e  to  be d e te c te d  by o th e r  te c h n iq u e s . A lthough R aw ls, Desmyter 
and H eln ick  reported- a  s tu d y  o f th e  n e u t r a l i z a t io n  p ro c e ss  o f r u b e l la  
v i ru s  in  1967 and were ab le  to  show th a t  i t  proceeded by f i r s t  o rd e r 
k in e t ic s  over th e  f i r s t  15-20  m inutes o f r e a c t io n  tim e , l i t t l e  f u r th e r  
work has appeared  on t h i s  a sp e c t o f r u b e l la  se ro lo g y  s in c e  t h a t  tim e . 
Many w orkers have been hampered by th e  la ck  o f a  s u f f i c i e n t l y  s e n s i t iv e  
t i t r a t i o n  techn ique  fo r  e s t im a t io n .o f  r e s id u a l  v i r u s ,  th o se  who have had 
such  a  tech n iq u e  have in v e s t ig a te d  th e  f a c to r s  a f f e c t in g  th e  r e a c t io n ,  
such  as th e  a d d it io n  of f r e s h  non-immune serum to  h e a t in a c t iv a te d  
a n tis e ru m -a n tig e n  m ix tu res  (T ay lo r-S ob inson  and R a t c l i f f e ,  1969) ,
Thus, in  th e  l ig h t  o f  e x i s t in g  d a ta  su g g es tin g  th e  p o s s i b i l i t y  o f 
sm all s e ro lo g ic a l  d if f e r e n c e s  b e tw e e n -s tra in s , a  b r i e f  in v e s t ig a t io n  
o f . th e  r a t e s  o f n e u t r a l i z a t io n  in  homologous and h e te ro lo g o u s  system s 
was u n d e rtak en . I t  was f i r s t  n e ce ssa ry  to  examine th e  n e u t r a l i z a t i o n  
r e a c t io n  by th e  p laque re d u c tio n  t e s t  in  o rd e r to  de term ine  w hether i t  
fo llow ed  f i r s t  o rd er k in e t ic s  and i f  so under what c o n d itio n s  would 
e s tim a tio n s  o f th e  r a t e s  o f r e a c t io n  be o p tim a l.
l )  S tra in s , o f r u b e l la  v i r u s .
The s t r a in s  o f r u b e l la  v iru s  s e le c te d  fo r  in v e s t ig a t io n  a re  
d e sc rib e d  in  d e t a i l  in  S e c tio n  I I I .
A ll  m a te r ia ls  fo r  th e  in o c u la t io n  o f r a b b i t s  vjere drawn from th e se  
po o ls  as were th e  RA27/3  v i ru s  and s t r a in s  o f h aem agg lu tin in  f o r  an tib o d y  
a ssa y . • .
Two se p a ra te  experim ents were c a r r ie d  out in  th e  C a l ifo rn ia n  s t r a i n  
o f  r a b b i t s ;  th e  f i r s t  in  which re p e a te d  in o c u la tio n s  were g iv en  and th e  
second in  which a  s in g le  in o c u la t io n  o f th e  same m a te r ia l  was a d m in is te re d . 
The an im als re c e iv e d  5*0 m l. volumes o f inoculum  v ia  th e  e a r  v e in  e i t h e r  
on a  s in g le  occasio n  o r a t  s t a t e d  i n t e r v a l s .  Two r a b b i t s  were in c lu d ed  
fo r  each s t r a i n  in  th e  m u ltip le  in o c u la t io n  experim ent and one r a b b i t  p e r  
s t r a i n  in  th e  s in g le  in o c u la t io n  experim en t. 5*0 m l. sample b le ed in g s  
were ta k en  from th e  e a r  v e in  acco rd in g  to  th e  schedule  o u tl in e d  below, 
b eg in n in g  on Day 0, p r io r  to  in o c u la t io n . Blood sam ples were h e ld  a t  
57°C f o r  60 m inutes o r a t  +4°C o v e rn ig h t, th e  s e r a  s e p a ra te d  o f f ,  
c l a r i f i e d  and s to re d  a t  -20°C i n  0 .2  m l. a l iq u o ts .  A t th e  end o f th e  
experim ent th e  anim als were a n a e th e tis e d  and b le d  out from th e  h e a r t .
R ab b its  r e c e iv in g  low p a ss  v iru s  were housed s e p a ra te ly  from  th o se  
re c e iv in g  v acc in e  s t r a in s  in  o rd e r  to  avoid  c ro s s  in f e c t io n .  U n in o cu la ted  
r a b b i t s  were in c lu d ed  in  each group as  a  f u r th e r  check o f th e  p o s s ib le  
sp read  o f  in f e c t io n  -  a t  no tim e d id  th e se  an im als show a  d e te c ta b le  l e v e l  
o f n e u t r a l iz a t in g  o r h a e m a g g lu tin a tio n - in h ib it in g  an tib o d y  to  r u b e l l a .
j) A s s a y  ox n a e ia a y y x u u x n a b jL u i i  jL iia -Lu .L t/j.na , a z iu j-u u a .y
A) Treatm ent o f s e r a .
0*1 m l. o f serum was added to  0 .9  m l. of 0 .8 5 $  S a lin e  and 
in a c t iv a te d  a t  %°C f o r  JO m in u tes . The p roduct was coo led  to  room 
tem p era tu re  b e fo re  th e  a d d i t io n  o f 0 .05 m l. o f Heparin/m anganous 
c h lo r id e  s o lu t io n ,  (Feldm an, 1968) c o n s is t in g  o f H eparin  a t  4000 
u n i ts /m l  and Manganous c h lo r id e  as a  1 M olar s o lu t io n .  The s e r a  
were s e t  a t  +4°C f o r  20 m inutes b e fo re  being c e n tr ifu g e d  to  remove 
any p r e c ip i t a t e  which had form ed. In  o rd e r to  remove n o n -s p e c if ic  
a g g lu t in in s ,  0.05  m l. o f a  50$  su spension  o f p igeon  e ry th ro c y te s  in  
DGV was added to  each serum sample and th e  whole l e f t  a t  +4°C f o r  
60 m in u tes , b e fo re  b e in g  c e n tr ifu g e d , once ag a in , to  remove th e  re d  c e l l s .  
T rea ted  s e r a  were u s u a l ly  s to re d  o v e rn ig h t a t  +4°C b e fo re  being  used  in  
th e  HAI t e s t .
D ex trose  g e la t in  v e ro n a l b u f fe r  (DGV) was used th ro u g h o u t th e  
t e s t  as d i lu e n t .  (A ppendix). 0.2.0$ p ig eo n  e ry th ro c y te s  form ed th e  
re d  c e l l ,  system , th e se  hav ing  been c o l le c te d  in  A llse v e rs  and washed 
th re e  tim es . in  0.85/1 S a lin e  b e fo re  b e in g  made up to  p e rc en ta g e  in  DGV. 
Cooke m ic r o t i t r e  p la te s  were used  th ro u g h o u t.
B) The h aem ag g lu tin a tio n  in h ib i t i o n  t e s t .
A n tis e ra  were used  a t  l / lO  and 2 fo ld  d i lu t io n s  were made from 
t h i s  p o in t w ith  th e  a id  o f 0 .025 m ic ro -d i lu to rs  (Cooke E n g in ee rin g  C o .) . 
Four HA u n i t s  o f each a n tig e n  were aaded to  each  o f th e  senua d i lu t io n s  ^  
th e  HA t i t r e s  hav ing  b een ’e s tim a te d  im m ediately  p r io r  to  u se  i n  th e  HAI 
t e s t ,  (see  See S e c tio n  I I I ) .  The a n tig e n -a n tib o d y  m ix tu res  were 
in cu b a ted  At 37°0 f o r  20 m inutes .befo re  th e  a d d it io n  o f th e  re d  b lood  
c e l l s ,  a f t e r  which in c u b a tio n  was c a r r ie d  out o vern igh t a t  +4°C.
The p la te s  were h e ld  a t  room tem peratu re  f o r  JO m inutes b e fo re  r e a d in g . 
Serum t i t r e s  vrere re a d  as th e  h ig h e s t d i lu t io n  showing com plete
c e l l  c o n tro ls ,  t i t r a t i o n s  o f the  a n tig e n  employed, and t i t r a t i o n  o f th e  
s ta n d a rd  a n tig e n  (su p p lie d  by Wellcome R eagents L td .)  and th e  s tan d a rd  
p o s i t iv e /a n d  n e g a tiv e  s e ra  (P re and post-immune serum from r a b b i t  
R50/ 70 , see  S e c tio n  I ) .
4 ) Assay ox ■ neuTU’ajLjmjmg aiiuuoay
' Three, four-fold dilutions of uninactivated serum were mixed with 
equal volumes of one dilution of RA27/5 virus containing approximately 
30-40 pfu/0.1 ml* The mixtures were held at 32*5°C for 60 minutes 
and residual virus was assayed in the plaque test, each of three plates 
receiving 0.1 ml. of a particular virus-serum mixture. Ron-immune 
serum controls, together with a standard control antiserum (R50/7O,
(pee S e c tio n  I )  o f known t i t r e  were in c lu d ed  in  every  t e s t ,
The p e rcen tag e  p laque re d u c tio n  c a lc u la te d  by ta k in g  th e  p laq u e  count 
w ith  non-immune serum as 100$, was p lo t te d  a g a in s t  th e  d i l u t io n  o f a n tise ru m . 
From t h i s  graph th e  t i t r e  o f an tise ru m  could  be read  as  th a t  d i l u t i o n  
g iv in g  a  60$ re d u c tio n  in  p laque count*
One o r more d i lu t io n s  o f a  s in g le  an tise ru m  were mixed w ith  an 
eq u a l volume o f v i r u s ,  th e  m ix ture  was th e n  in cu b a ted  in  a  s e a le d  b ijo u x  
b o t t l e  in  a  w a ter b a th  s e t  a t  32«5°C and 0 .1  m l. sam ples were w ithdraw n 
a t  zero  tim e and a t  s ta t e d  in te r v a l s  t h e r e a f t e r .  The sam ples were 
im m ediately  in o c u la te d  onto  p e t r i  d ish  c u l tu re s  o f c e l l s ,  a lo n g
w ith  s im i la r  m ix tu res o f pre-immune serum w ith  v iru s  and s ta n d a rd  c o n tro l  
serum w ith  s tan d a rd  c o n tro l  v i r u s .
The s u rv iv in g  v iru s  i . e .  th e  r a t i o  o f  v iru s  a t  tim e t  t o  th e  v iru s  
o r ig in a l ly  p re se n t a t  tim e 0 , was p lo t te d  on a  lo g a rith m ic  s c a le  a g a in s t  
tim e on a  l i n e a r  s c a le ,  and th e  r a t e  o f n e u t r a l i s a t io n  p e r  m inute 
c a lc u la te d  from th e  i n i t i a l  s lo p e  o f th e  curve where th e  r e a c t io n  was 
a p p a re n tly  f i r s t  o rd e r , i . e .  a  s t r a ig h t  l in e  p a ss in g  th rough  th e  o r ig in  
(Dulbecco e t  a l ,  1956)* U sing th e  eq u a tio n  ( l )  D ulbecco e t  a l  (195^)*
Slope of th e  curve = 5  = r a t e  o f n e u t r a l !  z a t  io n /m in u te  ( l )
d . •
where K =* th e  r a t e  c o n s ta n t o f n e u t r a l i z a t io n
and D = D ilu t io n  of an tise ru m  
th e  K v a lu e  could  be c a lc u la te d  f o r  each an tise ru m  a g a in s t  each a n tig e n . 
In  o rd e r to  c l a r i f y  th e  r e s u l t s  and make com parisons e a s i e r ,  th e  K v a lu e s  
were norm alised  (McBride 1959) i« e .  tKe K v a lu e  fo r  th e  homologous serum  
and v iru s  was tak en  as 10C$ and th e  v a lu es  f o r  th e  h e te ro lo g o u s  system  
quoted as p e rcen tag es  th e r e o f .  -
Assay o f one serum a.gainst a l l  th e  s t r a in s  of r u b e l la  v i ru s  was 
always c a r r ie d  out in  one t e s t  to  avo id  v a r ia t io n s  between s e p a ra te  
ex p erim en ts. Poo ls o f v iru s  were d i lu te d  to  app rox im ate ly  eq u a l 
i n f e c t i v i t y  t i t r e s  ( -  0 .5  lo g ) b e fo re  m ixing w ith  th e  serum .
1* Haemagglutination- inhibiting and neutralizing antibody response in
rabbits assayed against RA27/3 strain antigens after 
A) Multiple inoculations
The h aem ag g lu tin a tio n  in h ib i t io n  an tib o d y  le v e ls  a re  shown 
in  F ig u re  40 and th e  n e u t r a l i z in g  an tib o d y  resp o n se  in  F ig u re  41 
( in o c u la t io n  and b le ed in g  d a te s  a re  a lso  in d ic a te d ) .  U n fo rtu n a te ly  th e  
second r a b b i t  re c e iv in g  C en d eh ill a n tig e n  d ied  e a r ly  in  th e  experim ent 
due to  an u n re la te d  d is o rd e r .
Ho s t r i k in g  d if f e r e n c e s  in  th e  resp o n se  to  each  s t r a i n  was n o ted , 
a l l  o f th e  s t r a in s  examined induced  n e u t r a l iz in g  and h aem ag g lu tin a tio n  
in h ib i t i n g  an tib o d y  to  s im i la r  le v e l s ,  in d ic a t in g  th a t  a l l  th e  s t r a i n s  
t e s t e d  were immunogenic a t  th a t  p o in t in  t h e i r  passage h i s to r y .  T he-h ig h est 
HAI a n tib o d y  le v e ls  were com parable f o r  each s t r a i n ,  w h ils t  some d if f e r e n c e  
was no ted  in  th e  le v e ls  o f n e u t r a l iz in g  an tib o d y  reach ed , th e  h ig h e s t  t i t r e s  
fo r  HFV-77, Dunning and Thomas be ing  between 2 and 5 fo ld  h ig h e r  th a n  th o se  
induced  by th e  RA27/3i C en d eh ill and L esley  s t r a i n .  The p e a k  t i t r e s  
reached  to  th e  p o in t  o f b leed  out a re  g iven  in  Table 17. The re sp o n se  to  
th e  f i r s t  in o c u la t io n  was s u r p r is in g ly  ra p id  w ith  n e u t r a l iz in g  and HAI 
a n tib o d ie s  b e in g  p re s e n t a t  d e te c ta b le  le v e ls  i n  some o f  th e  r a b b i t s  a t  th e  . 
p o in t a t  which th e  second immunizing dose was ad m in is te red  i , e .  7 '-to 10 d ay s .
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F igu re  4 0 .  HAI antibody r e sp o n se  of rabbits after  
multiple in ocu lations . Each animal 
re c e iv e d  a further inoculation  after  a 
sample bleeding w as taken .
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F ig u re  4-1. N eu tra liz in g  antibody r e sp o n se  of rabbits  
after  multiple inoculations . Each animal 
r e c e iv e d  a further inoculation  after  a 
sample b leeding w as ta k e n .
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B) S in g le  in o cu la tio n
The development of harmagglutination-inhibiting and neutralizing 
antibody is':,shown in figure 42 with details of the dates of bleeding.
All the rabbits showed an antibody response indicating that all 
the strains were immunogenic. Neutralizing antibody was present in 
significant levels for all the strains upto 50 days after the immunizing 
inoculation, and all but Cendehill showed HAI antibodies to this point 
also. Very high levels of HAI antibodies of upto 5^20 were seen in the 
rabbits receiving HPV-77» Dunning and Thomas strains which were of the 
same order as those noted in rabbits receiving repeated inoculations 
of these strains, similarly the Lesley strains showed comparable titres 
after single and multiple inoculations. The rabbit receiving Cendehill 
antigen showed a lower response after one inoculation than those which 
had received repeated doses, the highest titres reached for HAI being 
160 and 2560 respectively, the RA27/5 also demonstrated a marginally 
lower response after a single immunizing dose. The HFV-77 and Lesley 
strains produced neutralizing antibody levels of the same order after 
single and multiple inoculations, the Lesley response being very 
similar in both experiments whilst the rise for HFV-77 occurred more 
quickly after a single immunizing dose. A ll  the other strains 
investigated showed a lower response after a single inoculation, 
the differences being in the order of a 2 to 4 fold higher antibody 
level at the highest peak. Table 17 compares the peak antibody titres 
found after multiple and single inoculations.
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F igu re  4 2 .  HAI and neutra lis in g  antibody r esp o n se  of rabbits  
after  a s in g le  inocu lation .
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2) H a e m a g g lu tin a tio n -in h ib itin g  an tib o d y  resp o n se  in  r a b b i t s  
a ssayed  a g a in s t  homologous and h e te ro lo g o u s  a n tig e n s  a f t e r
A) M u ltip le  in o c u la t io n s
The r e s u l t s  o f th e  c ro ss  HA.I t e s t s  a re  g iv en  i n  T ab les 18,
19 and 20* No s ig n i f ic a n t  v a r ia t io n  in  th e  t i t r e s  f o r  a n tise ru m  as
assayed ag a in st the s ix  antigen s could be found fo r  HFV-77$ RA27/3s
Dunning, Thomas and L es ley , however unexpected  d if f e r e n c e s  were n o ted
f o r  th e  C en d eh ill a n tise ru m . I t  was n o t p o s s ib le  to  d e te c t  a n tib o d y
to  th e  C en d e h ill a n tig e n  in  th e  serum tak en  on th e  t e n th  day, d e s p ite
th e  f a c t  th a t  t h i s  serum y ie ld e d  t i t r e s  o f u p to  1280 a g a in s t  th e
rem ain ing  5 a n tig e n s . S e ra  from subsequent b leed in g s  showed no
s ig n i f i c a n t  v a r ia t io n s  when assayed  a g a in s t  homologous and h e te ro lo g o u s
a n tig e n s .
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The r e s u l t s  of th e  c ro ss  HAI t e s t s  a re  g iven  in  T ables 21 to  26 
Ho s ig n i f ic a n t  v a r ia t io n  in  a n tib o d y ‘t i t r e s  cou ld  be found f o r  HPV-77> 
RA27/3» Dunning, Thomas and L esley  a n t i s e r a ,  th e  C en d eh ill a n tis e ru m ' 
how ever,/w as a g a in  showing s ig n i f ic a n t  d i f f e r e n c e s .  T i t r a t io n s  o f t h i s  
serum a g a in s t  C en d eh ill a n tig e n  were s ig n i f i c a n t ly  low er th a n  th o se  
o b ta in ed  a g a in s t  th e  rem ain ing  s t r a in s  on day 28, by day 55 th e  
C en d eh ill t i t r e s  were low er th a n  th o se  o f RA27/3> Dunning and Thomas 
s t r a i n s ,  and by day 50 an tib o d y  was no t d e te c te d  a g a in s t  C e n d e h ill, 
RA27/5 and L esley  a n tig e n s .
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3) D eterm in a tio n  o f K v a lu e  o f r a b b i t  hyperimmune serum i n  k in e t ic
neutralization tests against homologous and heterologous rubella
antigens •
A) Investigation of the kinetics of rubella virus neutralization 
in a model system and determination of the optimal conditions for the 
estimations of K values.
The percentage of plaque survival of SI (RA27/3) virus in mixtures 
of 4 dilutions of the untreated standard control serum (Edmunds strain, 
R50/7 0) vras plotted against time on a linear scale - Figure 42.•
Antiserum at a 1 /4  dilution showed a drop in virus to undetectable 
levels within 5 minutes, whilst the l/8 dilution gave a rapid fall off 
over the first 10 minutes followed by a slowing of the reaction with 
undetectable levels being reached by 30 minutes. At dilutions l/32 
and 1 /256 a similar fall off in residual virus was seen at 5 minutes 
followed by a change in the rate of reaction and what appeared to be 
grossly abnormal curve* Drops in the amount of residual virus i.e. 
virus still able to infect GL-RK^ cells, were rapidly followed by 
apparent increases in the surviving fraction of up to The
experiment was repeated On four separate occasions with a l/32 dilution 
of serum in order to determine whether the effect was reproducible, 
Figure 44# Similar sudden increases of virus occurred at approximately 
the same points on the curve, although the extent of the rise varied 
from near the level of significance to almost 40$. Similar experiments 
were then repeated for antisera to the Thomas, RA27/3 and Cendehill 
strains against the SI (RA27/3) standard virus, Figure 45* and against 
other antigens Figure 46# The same effect was seen at the higher 
dilutions of antiserum in all the reaction mixtures. A similar effect 
was also seen in mixtures of unheated pre-immune serum and antigen, 
Figure 47*
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F ig u re  4-3. T he p e r c e n ta g e  s u rv iv a l  of R A 27/3  v i r u s  in  
fo u r  d i lu t io n s  of a n t i s e ru m  o v e r  a  p e r io d  of 
s ix ty  m inu tes  .
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F i g u r e  4 4 .  P e r c e n t a g e  s u r v i v a l  o f  R A 2 7 /3  v i r u s  in  a  
1 /3 2  d i lu t io n  o f  a n t i s e r u m  in  f o u r  s e p a r a t e  
e x p e r im e n t s
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F ig u r e  45* P e r c e n t a g e  s u r v iv a l  of R A 2 7 /3  v i r u s  in  a 
1 /4  and  1 /2 5 6  d ilu t io n  of t h r e e  a n t i s e r a .
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F ig u re  4-6. P e rcen ta g e  su rv iv a l of
(A) T hom as v i r u s  in  a  1/4- and  1 /2 5 6  
d i lu t io n  of T hom as a n t i s e r u m .
(B) T hom as v i r u s  in  a  1 / 4  and  1 /2 5 6  
d i lu t io n  of R A 2 7 /3  an t i  s e r u m .
(C) C e n d eh il l  v i r u s  in  a  1 /8  and  1 /5 1 2  
d i lu t io n  of L e s l e y  an t i  s e r u m .
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F ig u re  47 P ercen ta g e  su rv iv a l of
(A) S l (R A 2 7 /3 )  s t a n d a r d  v i r u s
(B ) R A 27 /3  v i r u s
(C)  T hom as v i r u s
in  1/4- d i lu t io n s  of 3 p re - im m u n e  r a b b i t  s e r a
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h ea ted  a t  56°C f o r  30 m inutes p r io r  to  in c lu s io n  in  th e  te s t#
When th e  complement in  th e  form o f f r e s h  gu inea p ig  serum .-at a  
d i lu t io n  o f  l /5 0  was added to  m ix tu res of a n tig e n  and h ea ted  and unheated  
s e r a  a t  d i lu t io n s  o f l / 8  th e  sudden r i s e s  in  f r e e  v iru s  were n o t seen# 
F ig u re  4.8# N e ith e r  were th e y  seen  in  m ix tu res  o f complement and 
a n tig e n  alone# A d d itio n  o f complement to  th e  system  r e s u l t e d  in  an 
in c re a se  in  th e  r a t e  o f th e  re a c tio n #
In  fo u r  s e p a ra te  t e s t s  o f th e  s tan d a rd  unheated  serum a t  a  d i lu t io n  
o f l / 8  a g a in s t  th e  SI (RA27/3) s tan d a rd  v i r u s ,  f i r s t  o rd e r k in e t ic s  
were seen  over th e  f i r s t  10-15  m inutes when th e  s u rv iv in g  v i r u s  was 
p lo t te d  a g a in s t  tim e -  F ig u re  49*
For a l l  f u r th e r  in v e s t ig a t io n s  unheated  s e ra  a t  a  d i l u t i o n  o f l / 8  
were employed and K v a lu es  determ ined  f o r  th e  f i r s t  10 m inu tes o f 
r e a c t io n  time# T h ir te e n  s e p a ra te  e s tim a tio n s  of th e  K v a lu e  f o r  th e  
c o n tro l  r u b e l la  an tise ru m  (Edmunds s t r a i n )  a g a in s t  th e  s ta n d a rd  c o n tro l  
p o o l o f v i r u s ,  S I , (RA27/3) under th e se  c o n d itio n s , a re  l i s t e d  i n  Table 24#
ANT ISERUM/ANT IGEN 
MIXTURE
K VALUE NORMALISED ’ 
K VALUE
1,66 90.2
1,96 106.5
1.86 101.1
1.98 107.6
STANDARD CONTROL 1.66 90.2
EDMUND ANTISERUM 1.76 95 .6
+ 1.94 105.4
STANDARD control 1.96- 106.5
S I (RA27/3) 1 .6  6 90.2
VIRUS '■1.78 96.7
I .72 93.5
2.01 109.2
.......1.95 105.9
MEAN VALUE 1.84 99.9
Table 24# K v a lu es  o b ta in ed  in  t h i r t e e n  s e p a ra te  e s tim a tio n s  
o f  th e  r a t e  o f  n e u t r a l iz a t io n  o f  th e  c o n tro l 
a n tis e ru m /a n tig e n  m ix tu re . N orm alised K v a lu es  
a re  c a lc u la te d  from th e  mean v a lu e  o f K o b ta in ed  
. in  th e se  ex p erim en ts . S tandard  D ev ia tio n  = T 7*093
K v a lu es  were a ls o  e s tim a te d  f o r  th e  homologous a n tis e ru m /a n tig e n  
m ix tu res  employed in  t h i s  in v e s t ig a t io n ,  a l l  v a lu es  b e in g  o b ta in ed  
w ith in  one t e s t .  -  F ig u re  25.
ANTISERUM ANTIGEN K VALUE : NORMALISED 
K VALUE
RA27/3 RA27/3 1 .60 100
1.76 110
1 .44 90
HPV-77 HFV-77 2 .78 102
2.72 100
2.65 98
CENDEHILL CENDEHILL 1.56 98
1.60 101
1.63 102
DUNNING DUNNING 2 .5 0 100
2.59 104
2 .40 96
THOMAS THOMAS 2.46 96
2 .70 106
2.49 98
LESLEY LESLEY .2 .9 4 100:
2 .94 100
2 .94 100
Table 25. K v a lu es  o b ta in ed  w ith in  one t e s t  f o r  th e  homologous 
a n tis e ru m /a n tig e n  m ix tu re s . N orm alised K v a lu e s  a re  
c a lc u la te d  from th e  mean v a lu e  o f K o b ta ined  from th e  
3 e s tim a tio n s
B) Determination of the K values of rubella antisera, 
raised against selected strains of virus, with 
homologous and heterologous antigens.
The values for the rate constant of neutralization, K,
and the normalised K values are shown in Table 26 together with
the K values obtained in each test for the standard control
antiserum/antigen mixture.
Lower results for the value of K with some heterologous
antigens were encountered with each antiserum. Only the HFV-77
and Lesley antigens gave values of K higher than those obtained
with the homologous antigen on any occasion.
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I t  was u n fo r tu n a te  th a t  tim e and accom odation on ly  a llow ed  one 
r a b b i t  t o  be in c lu d e d  f o r  each  s t r a i n  in  th e  s in g le  in o c u la t io n  
experim ent and th a t  on ly  one •C e n d e h ill1 r a b b i t  su rv iv ed  i n  th e  
m u ltip le  in o c u la t io n  experim en t, f o r  i t  rem ains p o s s ib le  t h a t  any 
r e s u l t s  o b ta in ed  m ight be in f lu e n c e d  by some f a c to r  p e c u l ia r  to  th e  
one an im al. I t  was c lea r*  however, t h a t  a l l  th e  s t r a in s  examined 
were immunogenic a t  t h a t  p o in t  in  t h e i r  passage  h i s to r y  and a t  th e  
t i t r e  a d m in is te re d .
I t  i s  in t e r e s t i n g  to  n o te  th a t  i n  th e  r a b b i t s  re c e iv in g  v acc in e  
s t r a in s  th e  f i r s t  appearance o f d e te c ta b le  an tib o d y  o ccu rred  l a t e r  in  
tim e in  th e  second experim ent in  which on ly  one in o c u la t io n  was given* 
t h i s  i s  n o t accounted  f o r  by a  boost due to  th e  second s h o t ,  f o r  a t  
th e  tim e o f  th e  second in o c u la t io n  an tib o d y  was a lre a d y  p re s e n t  in  
most o f th e se  r a b b i t s .  B leed ings were ta k e n  a t  10-14 days and a t  J days 
r e s p e c t iv e ly  in  th e  f i r s t  and second exp erim en ts , and i t  i s  p o s s ib le  
th a t  a  3 day d if fe re n c e  in  tim e cou ld  account fo r  th e  d isc re p a n c y  in  
an tib o d y  l e v e l s ,  o r i t  may be t h a t  t h i s  was m erely  an  in s ta n c e  o f  v a r i a t io n  
in  response  betw een s e p a ra te  an im als f o r  such d if f e r e n c e s  can be seen  w ith in  
th e  p a i r s  o f  r a b b i t s  in  th e  f i r s t  experim en t, p a r t i c u l a r l y  f o r  
n e u t r a l i z in g  an tib o d y .
Many r e p o r ts  appear in  th e  l i t e r a t u r e  a cco u n tin g  p roven  r e p l i c a t i o n  
o f low passage  r u b e l la  in  r a b b i t s ,  (B e lco u rt e t  a l  1966, London,
F u c i l lo  and Sever 1969* London F u c i l lo ,  Ley and Sever 1971* Oxford 1969* 
Kono* 1969) .  Oxford ( 1969) has a ls o  shown th a t  th e  h ig h  p assag e  
a t te n u a te d  s t r a in s  can in f e c t  r a b b i t s  i f  a d m in is te red  in  s u f f i c i e n t  
t i t r e s ,  and s im i la r ly  Kono ( 1969) has shown r e p l i c a t i o n . o f th e  a p p a re n tly  
a te r a to g e n ic  Japanese s t r a i n s .  A lthough r e - i s o l a t i o n  o f v i r u s  was n o t 
a ttem p ted  i n  t h i s  s tu d y  i t  i s  p o s s ib le  t h a t  an in f e c t io n  o f  th e  r a b b i t s
did occur as tne antibody titres achieved alter a single immunizing 
dose of each strain were in most cases equivalent to those found 
after a course of inoculations. The RA27/3 and Cendehill strains
may have replicated less efficiently in the animals, if at all, 
resulting in the lower titres, certainly with the Cendehill strain 
the complete fall off of HA.I antibody might suggest that a true 
infection had not occurred, however, the neutralizing antibody was 
apparently still rising at the end of 50 days. It is perhaps 
interesting to note that in the first experiment the haemagglutination- 
inhibiting antibody titre for Cendehill and RA27/3 were beginning to fall 
in spite of rising neutralizing antibody. It will be necessary to repeat 
the experiment including larger numbers of animals which would allow 
viral re-isolations to be attempted. It is possible that antigenicity 
in rabbits may be of value in distinguishing strains of rubella virus, 
however, this may be quantitative rather than qualitative variation 
and a. single immunizing inoculation may yield more information.
It must be noted that the results in such a survey may well be 
influenced by factors such as the rabbit strain, route of inoculation 
or treatment of. the antigens prior to administration. Certainly,
Zygraich et al (1971) were able to show differences in the response 
of rabbits to the Cendehill strain, depending on the route of 
immunization. Oxford et al (1970) and Gill and Furesz (1973) were able 
to show similar differences in the immunogenicity of the Cendehill 
strain after re-isolation from vaccinees, and Gill et al (1973) 
suggested that these might be due in part at least, to the isolation 
and passaging of the strain in monkey kidney tissue. The high titres 
of Cendehill antibody induced in this study may be due to passage in 
Vero cells and the choice of route of administration. If it is
o f a strain, then the results reported here for the HPV-77 strain 
which induced higher titres of antibody than the other two vaccine 
strains may be accounted for by such factors, as may the increased 
titres of RA27 /3 antibody as compared to the results obtained by other 
investigators such as London et al (l97l)« The fall off in 
haemagglutination inhibiting antibody induced with passaged Cendehill 
strain was also reported by Gill et al (1973)* however, the strain of 
haemagglutinin used for assay is not recorded and neutralization tests 
were not carried out, therefore a questipn remains as to whether antibody 
may have been detectable with other strains or other techniques.
S ig n i f ic a n t  v a r ia t io n s  i n  h a e m a g g lu tin a tio n - in h ib it in g  an tib o d y  
t i t r e s  when assayed  a g a in s t  homologous and h e te ro lo g o u s  a n tig e n s  cou ld  
on ly  be d e te c te d  in  th o se  s e r a  produced i n  response  to  th e  C e n d e h ill 
s t r a i n .  These a n t i s e r a ,  produced by e i t h e r  s in g le  o r re p e a te d  
in o c u la tio n s  o f th e  C en d eh ill s t r a i n ,  were shown to  have a  s i g n i f i c a n t l y  . 
low er t i t r e  when assayed  a g a in s t  th e  homologous C en d eh ill h aem ag g lu tin in . 
E a r ly  and l a t e  b leed in g s  on ly  dem onstrated  t h i s  phenomenon and i t  was 
f u r th e r  n o ted  th a t  th e  f i n a l  b le e d in g  from an anim al r e c e iv in g  a  s in g le  
in o c u la t io n  d id  n o t dem onstrate  an a n tib o d y  t i t r e  when assay ed  w ith  th e  
RA27/3 o r L esley  h aem ag g lu tin in . It i s  in t e r e s t i n g  to  n o te  t h a t  th e  
•C endeh ill haem agg lu tin in  d i f f e r e d  from th a t  o f th e  o th e r  s t r a i n s  i n  i t s  
a p p a re n tly  c lo se  c e l l  a s s o c ia t io n ,  w h ils t  th e  C en d eh ill a n t ig e n  f o r  
im m unization o f th e  r a b b i t s  was f l u i d  d e riv e d  as were a l l  th e  o th e r  p o o ls .  
It i s  p o s s ib le  th a t  sm all a n tig e n ic  d if f e r e n c e s  may e x i s t  betw een 
i n t r a c e l l u l a r  v iru s  and e x t r a c e l lu la r  r e le a s e d ,  v i ru s  p o s s ib ly  concerned  
w ith  acquirem ent o f some f a c t o r  d u rin g  o r p r i o r  to  r e l e a s e ,  th u s  f l u i d  
h a rv e s ts  would c o n ta in  la r g e ly  e x t r a c e l lu l a r  v iru s  w h ils t  v i r u s  o b ta in e d  
by a lk a l in e  e x tr a c t io n  and c e l l  d is ru p t io n  m ight be la r g e ly  c e l l  bound.
A ntibody induced  by re le a s e d  v iru s  may n o t be th e  same as t h a t  produced 
in  response  to  *ceH  a s s o c ia te d 1 v i r u s ,  such a  s i t u a t io n  m ight le a d  to  
d if f e r e n c e s  i n  th e  re sp o n se  in  r a b b i t s  depending on th e  immunizing 
a n tig e n  and v a r ia t io n  in  a n tib o d y  t i t r a t i o n s  due to  th e  p a r t i c u l a r  type 
o f  a n tig e n  s e le c te d  f o r  th e  a ssay  system#
Thus th e  response  o f a  r a b b i t  to  C en d eh ill v i ru s  may be in f lu e n c e d  
by  th e  r e l a t i v e  amounts o f th e  two ty p es  o f a n tig e n  in  th e  inoculum  
depending on th e  c e l l  system  used  f o r  i t s  p ro d u c tio n , and f u r th e r  i t  
m ight be p o s s ib le  to  f a i l  to  d e te c t  an tib o d y  i f  th e  wrong h aem ag g lu tin in  
were s e le c te d  f o r  i t s  assay# The f a c t  th a t  C en d eh ill has been found to  
be immunogenic in  on ly  a  few anim als may be a  r e f l e c t i o n  o f  th e  d if f e r e n c e  
o f im m unogenicity o f th e  two components i n  v a r ie d  s p e c ie s ;  i t  would be 
i n t e r e s t i n g  to  a ssay  th e se  s e r a  a g a in s t  C en d eh ill HA. e x tra c te d  from  th e  
f l u i d  o n ly , w ithou t f u r th e r  trea tm en t#
The ap p aren t d i f f e r e n c e *  a t t r ib u te d  to  th e  C en d eh ill h aem ag g lu tin in  
may however be a  fu n c tio n  o f th e  v a r ia t io n  in  response  o f a l l  th e  s t r a in s  
t o ,  f o r  in s ta n c e ,  h ig h  pH d u rin g  a lk a l in e  e x tr a c t io n ,  o r th e  e f f e c t s  o f  
f r e e z e  thaw ing or th e  e f f e c t s  o f p a ssag in g  on th e  v i r u s  to  o b ta in  h ig h e r  
t i t r e s  o f HA# I t  shou ld  be n o ted  h e re , t h a t  th e se  r e s u l t s  were o b ta in ed  
w ith  s e ra  from s in g le  an im als and may r e f l e c t  s p e c i f ic  f a c to r s  o f th e  
p a r t i c u l a r  anim al in f lu e n c in g  th e  r e s u l ts #  O bviously to o  l i t t l e  
in fo rm a tio n  e x i s t s  to  be c e r t a in  o f any mechanism, and a l l  t h a t  can be 
s ta t e d  i s  t h a t  d if f e re n c e s  were n o ted  in  a n t i s e r a  produced by th e  
C en d eh ill s t r a in #  F u r th e r  work i s  n e c e ssa ry  a t  ev e ry  p o in t ,  from  
p ro d u c tio n  o f  immunizing and h aem ag g lu tin a tin g  a n tig e n s  to  a n tib o d y  
re sp o n se  i n  groups of r a b b i t s .
In  o rd e r to  determ ine th e  optimum c o n d itio n s  f o r  e s t im a tio n  o f  th e  K 
v a lu e  o f th e  n e u t r a l i z a t io n  r e a c t io n  a  model system  o f s ta n d a rd  v i ru s  
and an tise ru m  was in v e s t ig a te d .  I t  was found th a t  f i r s t  o rd e r  k in e t i c s
vi  ^ vxiw a. -l. j. v u . \ s — J - y  iiN.uuuwo ux i/aik? iiwuui.axxxjaUJ.UXi vsU-LVw
o f  low d i lu t io n s  o f an tise ru m  and v i r u s .  At h igh  d i lu t io n s  unexpected  
d e v ia t io n s  from a  ty p ic a l  n e u t r a l i z a t io n  curve were encoun tered  a f t e r  
th e  i n i t i a l  f i r s t  o rd e r r e a c t io n .  W hatever f a c to r  caused th e se  
d e v ia t io n s  a )  was p re s e n t  in  b o th  immune and pre-immune serum from 
th e  C a l ifo rn ia n  s t r a i n  o f r a b b i t s ,  b ) was on ly  seen  in  h ig h e r  d i lu t io n s  
o f immune serum , c) was h e a t l a b i l e  and cou ld  be removed by h e a tin g  
s e r a  a t  56°C f o r  30 m inutes b u t cou ld  n o t be r e s to re d  by th e  a d d i t io n  
o f f r e s h  gu inea  p ig  serum a t  a  d i lu t io n  o f l / 50.
The e f f e c t s  cou ld  n o t be ex p la in ed  by h e te ro g e n e ity  o f th e  a n tig e n  
p o p u la tio n  o r in a c c u ra c ie s  o f th e  a ssa y  system  f o r  th e y  d id  n o t occur 
in  a l l  th e  r e a c t io n  m ix tu res  in v e s t ig a te d .  The e f f e c t  was o n ly  n o ted  
as th e  a n t i s e r a  were d i lu te d ,  p o s s ib ly  su g g es tin g  th a t  as  th e  an tib o d y  
c o n ten t r e l a t i v e  to  a n tig e n  le s s e n e d , u n s ta b le  ag g reg a te s  were formed 
which r e a d i ly  d is s o c ia te d .  L a f f e r ty  ( 1963) suggested  th a t  th e  
n e u t r a l i z a t io n  r e a c t io n  proceeded in  two s ta g e s ,  th e  f i r s t  i n  w hich 
d is s o c ia b le  a n tig e n -a n tib o d y  complexes were formed and th e  second in  
w hich th e se  were s t a b i l i z e d .  Thus, a t  low er le v e ls  o f a n tib o d y  
u n s ta b le  complexes m ight b reak  down r e le a s in g  v i r u s , ' perhaps on d i lu t i o n  
on th e  c e l l  sh e e t d u rin g  in f e c t io n  o f th e  p l a t e s ,  however such  a  
phenomenon would n o t account f o r 't h e  e f f e c t s  observed in  pre-immune serum . 
Rawls e t  a l  ( 1967) re p o r te d  th a t ' some b a tch es  of non-immnne g u in e a -p ig  
serum showed in h ib i t io n  o f r u b e l la  v i r u s ,  and Almeida e t  a l  ( 1969) 
found th a t  such  s e ra  caused a g g re g a tio n  o f r u b e l la  v i ru s  p a r t i c l e s ;  
t h i s  f a c to r  however was h e a t s t a b l e .  I t  may be th a t  r a b b i t  s e r a  
c o n ta in  a  s im ila r  f a c to r  which i s  h e a t l a b i l e ,  bu t w hich  can cause 
u n s ta b le  ag g re g a tio n  o f th e  v iru s  which b reaks down y ie ld in g  f r e e  v i r u s ,  
o r which i n i t i a l l y  forms la rg e  r a f t s  o f v i ru s  which t r a p  f r e e  v i ru s  
w ith in  t h e i r ,  s t ru c tu re  re n d e r in g  i t  n o n -d n fec tio u s  i n  th e  a s s a y  system . 
Such la rg e  r a f t s  might be u n s ta b le  and m ight e v e n tu a lly  b reak  down to
sm a lle r  u n i t s ,  p o s s ib ly  on d i lu t io n ,  r e le a s in g  f r e e  v i r u s .
In  o rd e r to  e s tim a te  th e  r a t e s  o f th e  n e u t r a l i z a t io n  r e a c t io n ,  
i t  was n e c e ssa ry  to  s e le c t  c o n d itio n s  under which th e  phenomenon 
d e sc rib e d  above would n o t o ccu r, th u s  low er d i lu t io n s  o f a n tib o d y  were 
u se d , i . e .  l / 8 ,  t h i s  a ls o  s a t i s f i e d  th e  co n d itio n s  o f  a n tib o d y  excess 
n e c e ssa ry  f o r  th e  n e u t r a l i z a t io n  r e a c t io n  to  p roceed , i n i t i a l l y  a t  
l e a s t ,  by f i r s t  o rd e r k i n e t i c s .  (Andrews and E lfo rd , 1933* Bulbecco 
e t  a l ,  1956)# Heat in a c t iv a te d  serum would perhaps have been p r e f e r a b le ,  
b u t i t  was f e l t  t h a t  t h i s  m ight y ie ld  r e s u l t s  which d id  n o t t r u l y  
r e f l e c t  th e  an tib o d y  p re s e n t  (T aylor-R obinson , 1969) and p o s s ib le  m inor 
s e r o lo g ic a l  d if f e r e n c e s  betw een s t r a in s  m ight be m issed . A d d itio n  o f 
complement to  such a  system  was known to  enhance n e u t r a l i z a t io n ,  however, 
i t  was n o ted  th a t  on a d d i t io n  o f complement th e  p e r io d  o f  f i r s t  o rd e r 
k in e t ic s  was reduced  to  ap p rox im ate ly  5 m inutes and th u s  e s tim a tio n s  
o f  th e  s lo p e  o f such a  n e u t r a l i z a t io n  curve would have been based  on a  
s in g le  re a d in g , fu rth erm o re  i t  was n o t c e r t a in  th a t  sam ples ta k e n  a t  
f iv e  m inutes would be on th e  p a r t  o f th e  curve obeying f i r s t  o rd e r  
k in e t i c s .
Thus i t  was decided  th a t  unheated  s e ra  a t  low d i lu t io n s  would be 
employed f o r  e s tim a tio n s  in  homologous and h e te ro lo g o u s  system s t o  be 
ta k e n  over th e  f i r s t  10 m inutes o f r e a c t io n  tim e . .
E s tim a tio n s  o f th e  K v a lu e  f o r  th e  s tan d a rd  c o n tro l  a n tise ru m  and
c o n tro l  v i ru s  on t h i r t e e n  s e p a ra te  occasions gave re p ro d u c ib le  r e s u l t s
w ith  a  minimum v a r ia t io n  o f 10 i n  th e  no rm alised  v a lu e s  and a  s ta n d a rd  
+  •
d e v ia t io n  o f -  7*093* I n s u f f i c ie n t  d a ta  was a v a ila b le  f o r  f u r th e r  
s t a t i s t i c a l  a n a ly s is  o f th e se  r e s u l t s  and th o se  o f th e  homologous and 
h e te ro lo g o u s  a n tis e ru m /a n tig e n  m ix tu re s . E s tim a tio n s  o f K f o r  th e  
homologous system s w ith in  one t e s t  a g a in  gave a  maximum v a r i a t i o n
U X  J L V J  x x x  u x x c  x i « j x u i d , J . j . o c u .  v a x t x c o  «
Cross n e u t r a l i z a t io n  t e s t s  in  which th e  K v a lu es  were e s tim a te d  
f o r  a  s in g le  serum a g a in s t  homologous and h e te ro lo g o u s  a n tig e n s  y ie ld e d  
in t e r e s t i n g  r e s u l t s ,  w ith  th e  n o rm alised  K v a lu es  f o r  th e  h e te ro lo g o u s  
a n tig e n s  b e in g  u p to  JOfo low er th a n  th o se  o b ta in ed  f o r  th e  homologous 
system . A llow ing th a t  th e  maximum v a r ia t io n  in  re p e a te d  e s tim a tio n s  
o f K v a lu es  f o r  any one system  was found to  be 10^, th e  r e s u l t s  would 
seem to  su g g est th e  e x is te n c e  o f some s ig n i f ic a n t  d if f e r e n c e  i n  th e  
a n tig e n s  u sed  f o r  an tise ru m  p ro d u c tio n . The HFV-77 and L es ley  s t r a in s  
were th e  on ly  a n tig e n s  encoun tered  in  which th e  K v a lu es  were h ig h e r  
th a n  th o se  found f o r  th e  homologous a n tig e n  w ith  a  p a r t i c u l a r  an tise ru m . 
F ogel e t  a l  (19^9) re p o r te d  s im ila r  r e s u l t s  w ith  th e  HFV-77 s t r a i n  in  
t h e i r  sim ple c ro ss  n e u t r a l i z a t io n  t e s t s  and su ggested  th a t  t h i s  m ight 
be an  example o f a  s t r a i n  p a r t i c u l a r l y  s e n s i t iv e  to  a n tib o d y . The 
r e s u l t s  o b ta in ed  in  t h i s  in v e s t ig a t io n  would appear to  su p p o rt t h i s  
view  and i t  was no ted  th a t  th e  lowpass L esley  s t r a i n  e x h ib ite d  th e  
p ro p e r ty  to  an even more pronounced degree th a n  d id  th e  HFV-77 s t r a i n ,  
p a r t i c u l a r l y  when employed i 'o r  th e  e s tim a tio n  o f an tise ru m  t o  th e  HPV-77 
and Dunning s t r a i n s .
Similar phenomenon have been reported for Influenza A virus, 
(fihoppin and Tamm, 1959*. 19^0), Echo virus type 6, (Karzon, Pollock 
and Barron, 1959) and the coxsackie B4 viruses (Choppin and Eggers, 
1962). Karzon et al (1959)* suggested a shift of Echovirus to a more 
‘antibody-sensitive1 phase on passage in tissue culture with attendant 
changes in other properties such as increased virus yield and extent 
of cytopathic effect. Choppin et al (1962), however put forward the 
idea of a mixed population of virus with varied sensitivity to antibody, 
one type being selected under a given set of conditions and becoming 
predominant. Thus passage of the Echo virus type 6 selected the
w ith  p a ssa g e . I t  i s  p o s s ib le  th a t  s im ila r  v a r ia t io n s  in  s e n s i t i v i t y  
t o  a n tib o d y  may e x is t  betw een a n t ig e n ic a l ly  id e n t i c a l  s t r a in s  o f 
r u b e l l a  v i ru s  and th a t  th e  HPV-77 and L esley  s t r a in s  a re  examples o f such 
phenomenon, fu rtherm ore  i t  may be p o s s ib le  t h a t  th e  d if fe re n c e  in  
p assage  h i s to r y  o f th e se  two s t r a in s  accoun ts fo r  th e  ap p aren t v a r i a t io n  
i n  th e  e x te n t o f th e  s e n s i t i v i t y  to  an tib o d y .
I t  has been p o s s ib le  to  employ th e  e x is t in g  p laque te ch n iq u es  
a v a i la b le  f o r  r u b e l la  v i r u s ,  in  o rd e r to  o b ta in  a  system .w hich w ith  
m inor m o d if ic a tio n s  gave r e l i a b l e  and re p ro d u c ib le  r e s u l t s  on p laque 
morphology and i n f e c t i v i t y  a s s a y . This tech n iq u e  allow ed d e ta i le d  
com parisons o f th e  p laque morphology o f s t r a in s  o f r u b e l la  v i r u s  from 
v a r ie d  so u rces  to  be u n d e rtak en , and th e  in f lu e n c e  of t i s s u e  c u l tu re  
passage  on t h i s  p ro p e r ty  to  be s tu d ie d . The a v a i l a b i l i t y  o f an 
a c c u ra te  p laque a ssay  system  fo r  i n f e c t i v i t y  allow ed th e  f i n e r  
com parisons o f th e rm al s t a b i l i t y  and th e  k in e t ic s  o f n e u t r a l i z a t io n  
to  be u n d ertak en  and added confidence  to  th e  com parative s tu d y  o f th e  
grow th c h a r a c te r i s t i c s  o f r u b e l la  s t r a in s  in  s e le c te d  t is s u e s *
I t  has been show n.that th e  norm al p laque s iz e  o f  low p a ss  r u b e l la  
s t r a in s  l i e s  on th e  sm all end o f th e  s c a le  i n  th e  re g io n  o f  1.0mm, 
and th e se  r e s u l t s  would seem to  sup p o rt th e  evidence o f  low 
c y to p a th o g e n ic ity  fo r  GL-RK^ c e l l s ,  p u t forw ard by such a u th o rs  as 
Oxford ( 1969)# I t  has n o t been p o s s ib le  to  e lu c id a te  th e  in f lu e n c e  
o f passage  on p laque s iz e  and no c le a r  r e la t io n s h ip  has em erged. I t
i
must be no ted  however, t h a t  on ly  l im ite d  passage  o f s e le c te d  s t r a i n s  
was u n d ertak en  and v e ry  few o f th e  s t r a in s  in v e s t ig a te d  were o b ta in e d  
o r ig in a l ly  as f r e s h  c l i n i c a l  specimens w ith  our p rev io u s  la b o ra to ry  
m a n ip u la tio n . S im ila r  f in d in g s  were re p o r te d  by Morgan (1969 ) who 
a g a in  was unab le  to  show a  d i r e c t  r e la t io n s h ip  between p laq u e  s iz e  and 
passage h i s to r y .  I t  would seem u n l ik e ly  th a t  passage th ro u g h  any 
s e le c te d  t i s s u e  would always r e s u l t  i n  an in c re a se  in  p laq u e  s iz e  in  
GL-RIC^ > f ° r  exam ination  o f th e  p laque morphology o f th e  th r e e  
e x te n s iv e ly  passaged  vacc ine  s t r a i n s ,  HFV-77 (Parkman e t  a l ,  1969) ,  
C en d e h ill, (Huygelen e t  a l ,  1969) RA27/3* P lo tk in ,  1969) shows a
range o f p laque s iz e  from sm all to  l a r g e .  I t  would seem re a so n a b le
morphology, th e  type  o f re sp o n se , be i t  an in c re a s e , d ecrease  o r 
com plete la c k  o f change, b e in g  dependant on o th e r f a c to r s  a l s o ,  
such as th e  t i s s u e  s e le c te d  o r th e  p rev io u s  h is to r y  o f th e  s t r a i n  in  
q u e s tio n . U nless s t r a in s  o f ru b e l la  a re  i s o la te d  and handled  in  one 
la b o ra to ry  and always p assaged  in  p a r e l l e l  th rough  s in g le  b a tch es  o f 
t i s s u e ,  i t  i s  n o t p o s s ib le  to  r u le  out th e  in f lu e n c e  o f v a r i a t i o n  in  
a  p a r t i c u l a r  c e l l  l in e  from la b o ra to ry  to  la b o ra to ry  o r even v a r i a t io n  
w ith  tim e in  one c e l l  l in e  handled c o n tin u o u s ly . The a p p a re n tly  
unique Dunning and Jan in e  s t r a in s  encoun tered  in  t h i s  in v e s t ig a t io n ,  
w ith  t h e i r  la rg e  p laque ty p e  may . be examples o f  t h i s  phenomenon.
The v a r ia t io n  in  th e  h i s to r y  o f such s t r a in s  may even ex tend  beyond , 
th e  i n  v i t r o  c u l t iv a t io n  t o  the . i n  vivo,- u te r in e  r e p l i c a t i o n ,  f o r  
i t  i s  i n t e r e s t i n g  to  n o te  th a t  th e  la rg e  p laque  type  was n o t found in  
s t r a in s  i s o la te d  from p o s tn a ta l  in fe c t io n s  and the  ev idence r e l a t i n g  
th e  Jan in e  s t r a i n  to  Dunning cou ld  n o t be ig n o red . C e r ta in ly ,  
changes in  p ro p e r ty  such as im m unogenicity in  r a b b i t s  have been  shown 
to  be a l t e r e d  by in  v iv o  p a ssa g e , (Oxford e t  a l ,  1970 and G i l l  e t  a l ,  
1973)* a  phenonemon which would a ls o  account f o r  th e  d if f e r e n c e s  
between Jan in e  and Dunning s t r a i n s .  I t  i s  d is a p p o in tin g  th a t  a  
c le a r  r e la t io n s h ip  betw een a t te n u a t io n  and p laque s iz e  has n o t 
emerged f o r  i t  cannot be den ied  th a t  such a  m arker would p ro v id e  
a  v a lu ab le  and e a s i ly  m onitored  method o f d i s t i n c t io n .
Some v a r i a t io n  in  th e  growth c h a r a c te r i s t i c s  o f  th e  s t r a i n s  
examined in  v a r io u s  t i s s u e  c u l tu re  system s have a ls o  been d em o n stra ted , 
b u t once a g a in  th e  in f lu e n c e  o f  th e  p rev io u s  h i s to r y  o f  such s t r a i n s  
cannot be ru le d  o u t. This was c le a r ly  i l l u s t r a t e d  w ith  th e  grow th 
o f th e  monkey t i s s u e  passaged  HPV-77  s t r a i n  in  Vero c e l l s .
However, tn e  ap p aren t aaap'ca'cion ox tn e  h a ^ / / ;  si/x-a,.ui ou gx-unt/u. jui 
BHK2l/l3S c e l l s ,  and i ts /u n iq u e  a b i l i t y  to  form p laques in  t h i s  system , 
(P lo tk in , 1969) ,  cannot be ex p la in ed  by p rev io u s  passage in  t h i s  t i s s u e .  
There rem ains only  th e  p o s s i b i l i t y  o f growth in  u n re la te d  t i s s u e ,  
namely human d ip lo id  c u l tu r e s ,  p re d isp o s in g  th e  s t r a i n  to  grow th in  
BHK21/13S c e l l s ,  and i f  t h i s  i s  a ccep ted , th e n  i t  i s  p o s s ib le  th a t  
s im i la r  phenomena e x i s t  w ith  s t r a in s  o f r u b e l la  passaged  in  o th e r  
t i s s u e s  and may h e lp  to  e x p la in  th e  d if f e r e n c e s  in  resp o n se  to  p a ssa g e .
The d if f e r e n c e s  in  th e  th erm al s t a b i l i t y  of th e  s t r a i n s  encoun tered  
in  t h i s  s tu d y , may a ls o  be a t t r ib u ta b le  to  p rev io u s c u l tu r a l  h i s to r y ,  
fu rth erm o re  i t  i s  in t e r e s t i n g  to  n o te  t h a t  th e  g re a te s t  d i s t i n c t i o n  
la y  betw een th e  s t r a in s  i s o la te d  from r u b e l la  syndrome in f a n t s ,  Dunning 
and Thomas, and th o se  tak en  from p o s tn a ta l ly  acq u ired  in f e c t io n s ,  
C e n d e h ill, HPV-77 and L es ley , o r from f o e t a l  t i s s u e  ta k en  e a r ly  in  th e  
g e s ta t io n  p e r io d , RA27/3* This v a r ia t io n  may be i n  p a r t  e x p la in ed  by 
a  d if fe re n c e  in  th e  degree o f ag g re g a tio n  o f th e  v i ru s  p o o ls ,  th e  most 
h e a v ily  ag g reg a ted  b e in g  most r e s i s t a n t  to  th e  h ig h e r tem p era tu re  due 
to  th e  s c re e n in g  o f th e  i n t e r n a l  v ir io n s  w ith in  th e  r a f t .  Such . 
p ro p e r t ie s  as c y to p a th o g e n ic ity  and a g g re g a tio n  may w e ll  be in f lu e n c e d  
by th e  c o n d itio n s  and t is su e -  o f  c u l tu r e ,  f o r  a  v iru s  such  as  r u b e l l a  
which buds from c e l l u l a f  membranes such as th e  G olgi a p p a ra tu s  o r 
th e  e x te r n a l  su rfa c e s  o f th e  c e l l  (von B ohsdorff & V ah eri,1 9 6 9 ) w i l l  p ic k  
up c e l l u l a r  components which may w e ll a l t e r  th e  v iru s  p r o p e r t ie s  
p h e n o ty p ic a lly .
S t r ik in g  d if fe re n c e s  in  th e  im m unogenicity i n  r a b b i t s  o f th e  s ix  
s t r a in s  o f r u b e l la  were n o t encoun tered , however i t  was n o ted  th a t  a f t e r  
a  s in g le  in o c u la t io n  th e  t i t r e s  o f an tib o d y  produced to  th e  C en d e h ill 
and RA27/3 s t r a in s  were s ig n i f i c a n t ly  low er th an  th o se  induced  by th e  
rem ain ing  fo u r  s t r a i n s .  T his ap p aren t d if f e re n c e  in  im m unogenicity
v v d o  u v c x  v u i i i u  i v x i ^ a . 1  x u u v u x a u x u i i o  w 0 1  c . c * v u u j l x j l - i . o  v c i c u ^
in d ic a t in g  a  la c k  o f , o r low er le v e l  o f in f e c t io n  o f th e  r a b b i t s  by 
th e  C en d eh ill and RA27/3 s t r a i n s .  Oxford ( 1969)* Oxford e t  a l  (1970) 
and London e t  a l  (1971) have suggested  th a t  th e  a t te n u a te d  s t r a in s  of 
ru b e l la  induce low er le v e ls  o f an tib o d y  in  r a b b i t s  th a n  do th e  v i r u le n t  
s t r a i n s ,  however t h i s  was n o t supported  by th e  f in d in g s  re p o r te d  here  
f o r  th e  HPV-77 vacc in e  s t r a i n  as compared to  th e  low p ass  s t r a i n s .
I t  may be t h a t  th e  h ig h e r t i t r e s  o f inoculum  used in  t h i s  s tu d y  may 
overcome th e  d i s t in c t io n s  d e sc rib e d  in  th e se  r e p o r ts ,  o r p o s s ib ly  
emphasize d if fe re n c e s  in  th e  degree o f a t te n u a t io n  betvreen th e  v acc in e  
s t r a i n s .  I t  i s  a ls o  l i k e l y  th a t  th e  p rev io u s  tre a tm e n t o f th e  s t r a i n  
and ro u te  o f in o c u la t io n  have in f lu e n c e d  th e  r e s u l t s  re p o r te d  h e re .
The C en d eh ill s t r a i n  a g a in  appeared to  d i f f e r  in  th e  c ro s s  
h aem ag g lu tin a tio n  in h ib i t i o n  s tu d ie s ;  an tib o d y  seeming to  f a l l  o f f  
f a s t e r ,  o r a t  l e a s t  b e in g  d e te c te d  a t  low er le v e ls  depending on th e  
s t r a i n  o f haem agg lu tin in  in  u s e . O bviously, th e  r e s u l t s  o b ta in ed  
must be in  q u e s tio n  as th e y  a re  based on s e r a  tak en  from a  s in g le  
an im al, and Oxford ( 1969) and G i l l  e t  a l  (1973) s im i la r ly  showed a  
v a r ia t io n  in  response  betw een in d iv id u a l  r a b b i t s .  However th e y  do 
r a i s e  in te r e s t in g  q u e s tio n s  to  be co n sid e red  in  th e  d e te c t io n  and 
p re p a ra t io n  o f  a  s t r a i n  o f haem agg lu tin in  f o r  a ssay  o f a n tib o d y  i n  . 
serum sam ples. The f a c t  t h a t  n e u t r a l iz in g  an tib o d y  in  C en d e h ill 
an tise ru m  can be d e te c te d  w ith  HA27/3 v iru s  b u t th a t  th e  
haem ag g lu tin a tio n  in h ib i t i n g  an tib o d y  can n o t, m ight p o s s ib ly 's u g g e s t  
th a t  i f  a  d if f e re n c e  in  th e  v i r io n  does e x i s t ,  i t  may on ly  in v o lv e  
a  sm all p a r t  and n o t th e  i n t a c t  v iru s  which i s  in v o lv ed  in  
n e u t r a l i z a t io n .
The e s tim a tio n s  o f th e  K v a lu e  o f n e u t r a l i z a t io n  were i n t e r e s t i n g  
in  th a t  two uan tib o d y -av id "  s t r a in s  were found , HPV-77 and L e s le y .
F ogel e t  a l  (1969) had p re v io u s ly  re p o r te d  t h i s  phenomenon f o r  th e  
HFV-77 s t r a i n  which was a ls o  shovm to  share  th e  p ro p e r ty  o f poor groY/th 
in  BHK21/13S c e l l s  w ith  th e  L esley  s t r a i n  in  th i s  s tu d y . T his a v id i ty  
f o r  a n tib o d y  d id  n o t a p p a re n tly  ex tend  to  th e  h aem ag g lu tin a tio n  
in h ib i t i o n  r e a c t io n  fo r  th e  L esley  haem agg lu tin in  was among th o se  
unab le  to  d e te c t  C en d eh ill an tib o d y  in  some r a b b i t s ’ s e r a .  The 
ap p aren t la c k  o f any v e ry  c lo se  r e la t io n s h ip  between th e  s t r a in s  
examined by k in e t ic  n e u t r a l i z a t io n  may r e f l e c t  an ex ce ss iv e  v a r i a t io n  
in  th e  t e s t  system , hovrever, th e  r e p r o d u c ib i l i ty  o f v a lu e s  f o r  th e  
c o n tro l  an tig en -se ru m  m ix tu re  and th e  homologous m ix tu res would n o t 
appear to  su p p o rt t h i s  vie?/-. Where an obvious r e a c t io n  o f i d e n t i t y  
i s  seen , f o r  in s ta n c e , th e  Thomas an tise ru m  a g a in s t C en d e h ill and 
Dunning a n tig e n s  i t  appears  to  be a  one way c ro ss  o n ly . A s im i la r  
s i t u a t io n  was encoun tered  by McBride (1959) w ith  p o lio v iru s  where 
each serum "un iq u e ly  id e n t i f i e d "  th e  homologous v iru s  a lo n e ; he was, 
however, a b le  to  show some r e la t io n s h ip  between s t r a in s  i s o la t e d  in  
c lo s e ly  spaced o u tb reak s . This a n tig e n ic  v a r ia t io n  w ith in  v i r u s  type  
has n o t been shown to .b e  o f g re a t  im port to  th e  community f o r  th e  
r e la t io n s h ip s  a re  s u f f i c i e n t l y  c lo se  f o r  c ro ss  p ro te c t io n  to  o ccu r .
The s i t u a t io n  Y^ould seem to  be much th e  same f o r  r u b e l la  v i r u s ,  f o r  no 
ev idence has appeared in  t h i s  in v e s t ig a t io n  o r in  o th e r  r e p o r ts  which 
would su g g est a  s t r a i n  v a r ia t io n  s u f f i c i e n t l y  g re a t to  be o f  c l i n i c a l  
im portance .
It would seem possible that the differences in the properties 
of the strains reported here may be due entirely to variation induced 
by the .previous history of these strains* Certainly many reports 
appear in the literature illustrating similar variation with some 
viruses, for example Finter ( 1964) reported a change in plaque
fo rm atio n  on L ce±±s, in t e r i e r o n  m au cc io n  ana sensrG ivr& y, ana 
growth p o te n t i a l  in  c a l f  k idney  t i s s u e  fo r  Sem lik i F o re s t v iru s  
a f t e r  l im ite d  passage th ro u g h  c a l f  k id n ey  t i s s u e ,  w ith o u t a  
d e te c ta b le  a n tig e n ic  change, N icholson  and H errick  ( 1969) 
dem onstrated  a  more e x te n s iv e  change in  Kilham Rat v iru s  a f t e r  
p assage  in  r a t  embryo c e l l  c u l tu re s  o r su c k lin g  h am ste rs ; a f t e r  as 
l i t t l e  as th re e  p assages a n tig e n ic  changes were e v id en t in  
h aem ag g lu tin a tio n  in h ib i t i o n  and n e u t r a l i z a t io n  t e s t s ,  grow th in  
th e  two system s d i f f e r e d  and th e re  was ev idence to  su g g est 
d if f e r e n c e s  in  th e  components o f th e  v i r a l  p r o te in .  S im ila r ly  
v a r i a t io n  has been shown t o  occur i n  v iv o  f o r  Equine In fe c t io u s  
Anaemia v iru s  (Kono, K obayashi, and Fukuraga, 1973), w ith  a  c o n tin u a l  
d r i f t  in  th e  su rfa c e  a n tig e n s  invo lved  in  th e  n e u t r a l i z a t io n  r e a c t io n  
o c cu rrin g  d u rin g  th e  r e la p s in g  f e b r i l e  d is e a se  o f th e  in fe c te d  h o rs e .
I f  i t  i s  accep ted  th a t  th e  minor d if fe re n c e s  betw een s t r a i n s  
no ted  in  t h i s  s tu d y  a re  due to  d if fe re n c e s  in  th e  p rev io u s  h i s to r y  
o f th e se  i s o l a t e s ,  and th a t  passage in  v i t r o  o r in  v iv o , be i t  th e  
develop ing  f o e tu s ,  th e  p o s tn a ta l ly  in fe c te d  in d iv id u a l  o r th e  vac c in e  e 
can  e l i c i t  such v a r ia t io n  in  s t r a i n s ,  th e  p o s s i b i l i t y  a r i s e s  t h a t  
passage  o f a  r u b e l la  v iru s  th rough  th e  p o p u la tio n  may a l t e r  some o f 
i t s  p r o p e r t i e s .  Unexpected phenomena such as th e  la c k  o f  te r a to g e n e s is  
i n  Japanese s t r a in s  o f r u b e l la ,  and th e  v a r ia t io n  in  s e v e r i ty  o f  th e  
in f e c t io n s  i n  b o th  p o s tn a ta l ly  and c o n g e n ita lly  in fe c te d  in d iv id u a ls  
may be accounted  f o r  in  p a r t  a t  l e a s t  by such f a c to r s .
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6 . V ersene S o lu tio n  (1 : 5000)
S upplied  by 7/ellcome R eagents L td .
y# Glucose S o lu tio n
10^ S o lu tio n  made up w ith  g lucose  (BR s p e c i f ic a t io n )
S upp lied  by Brown and P o ison .
8 . A rg in ine
1 M olar s o lu t io n  i n - d i s t i l l e d  w ater 
S upplied  by Wellcome R eagents. L td .
(ho t on S a le )
9 . G lycine
1 I lo la r  s o lu t io n  in  d i s t i l l e d  w a ter 
S upplied  by Wellcome Reagents L td .
(Not on S a le )
10. Bovine Serum Albumin
'fjo S o lu tio n  made up w ith  Bovine serum album in 
Supp lied  by Armour P harm aceu tica ls  L td .
11* A dult Bovine Serum (U n in ac tiv a ted )
C o lle c te d  from a d u lt  bovines on s la u g h te r .
(Not on S a le ) .
12. C a lf  serum
a ) Agamma c a l f  serum; c o l le c te d  from co lo stru m -d ep riv ed  
c a lv e s  and te s t e d  fo r  'Ik g lo b u lin
(Not on S a le )
b) F o e ta l  c a l f  serum; c o l le c te d  on s la u g h te r  o f  p reg n an t bovines 
Supp lied  by Wellcome R eagents L td .
13. L ifco  Noble Agar • ..
S upplied  by L i f e 0 L a b o ra to r ie s . Made up to  jfj i n  d i s t i l l e d ,  w a te r 
and a u to c lav e d . R eheated once on ly  b e fo re  u s e .
D ilu en ts and B uffers
10 gm. 
0 .25  gm 
0 .25  gm
1.4375 gm
1 .0  ml 
1000 m l.
S o lu tion  34-0.
20p Calcium c h lo r id e  s o lu t io n  
Magnesium c h lo r id e  I.IgC 1^ 6 H^O (AR)
. D i s t i l l e d  W ater 
Hot on S a le .
2 . S a lin e
Hade up a t  0 .85 /0 i n  d i s t i l l e d  w ater u s in g  HaCL (AR) 
Supplied  hy B r i t i s h  Drug House.
3# D extrose G e la tin e  V eronal b u f fe r  (D.G.V.) B u ffe r  
Supp lied  by Wellcome R eagents L td .
4 . G lycine B u ffe r a t  pH .10. (app rox im ate ly  2 M olar)
4O/0 Sodium hydroxide (AR) . 127 .5  ml
Sodium c h lo r id e  (AR) 104 gm
G lycine 158 gm
D i s t i l l e d  W ater to  1000 ml
2 .5  ml 
0 .5  gm 
to  1000 m l.
1 . Phosphate B u ffe red  S a lin e
S to red  as 2 s e p a ra te  s o lu t io n s ;  A and B+C, 
S o lu tio n  A.
Sodium c h lo r id e  (AR)
Potassium  c h lo r id e  (AR)
Potassium  d ihydrogen phosphate (AR)
. Disodium hydrogen phosphate (AR)
H$o Phenol Red
D is t i l l e d  W ater to
M isce llaneous 'com ponen ts .
1 . C ry s ta l  v io l e t  s t a i n
C ry s ta l  v io l e t  powder (George T. G urr, S e a rle  S c ie n t i f i c  
S e rv ic e s ) ,  made up to  a IC^ S s o lu t io n  in  70/^ a lc o h o l .
8 .0  ml o f t h i s  s o lu t io n  added to  1000 ml. o f phosphate 
b u ffe re d  s a l in e  c o n ta in in g  10fo form aldehyde (A n a la r) . '
The s t a i n  i s  k ep t a t  room tem p eratu re  and f i l t e r e d  im m ediately
i
p r io r  to  u s e .
2 . N e u tra l re d  s t a i n .
N e u tra l re d  powder (George T. G urr, S ea rle  S c ie n t i f i c  
S e rv ic e s ) ,  made up to  a  0.5£’o s o lu t io n  in  d i s t i l l e d  w a te r .
Used a t  a  f i n a l  c o n c e n tra tio n  o f 1 in  20,000.
3 . H eparin B .P . (Mucous)
Made up as a  s o lu t io n  o f 4)000 u n its /m l in  d i s t i l l e d  w a te r . 
S upplied  by th e  Boots Company L td .
4 . Manganous c h lo r id e  (A nalar)
Made up as a 1 M olar s o lu t io n  in  d i s t i l l e d  w a ter 
Supp lied  by BDH Chem icals L td .
5 . K aolin  (acid -w ashed)
Supp lied  by Hopkin and W illiam s L td .
6 . R u b e lla  haem agg lu tin in
Edmund o r Thomas s t r a i n ,  f l u i d  + c e l l  e x t r a c t  ( a lk a l in e  b u f f e r )  
Tw een-ether t r e a te d  a n d 'f r e e s e d r ie d .
S upplied  by Wellcome R eagents L td .
7 . A lsevers  S o lu tio n  (m odified ) Used in  a  1 :1  r a t i o  w ith  b lo o d . 
D extrose  20 .5  gm
Sodium C it r a te  8 .0  gm
C i t r i c  Acid 0 .55  gni
Sodium c h lo rid e  4-20 gm
D i s t i l l e d  W ater to  1000 ml
S te r i l i z e d  by membrane f i l t r a t i o n
S upplied  by Wellcome R eagents L td . .
Equipm ent.
1 . G lassw are. .
a ) Soda g la s s
1, 2 , 4» 20 oz . and U n iv e rsa l b o t t le s  
su p p lie d  by U.G.B. L td .
b) B o ro s i l ic a te  g la s s
Roux b o t t l e s  and 6" x  5 /8" te& t tu b e s .
2 . D isposab le  P l a s t i c s .
a ) F a lcon  p e t r i  d ish es
S upp lied  in  35 o r 60 mm s iz e s  by F a lcon  P l a s t i c s  
(D iv is io n  o f B io q u e s t) .
b ) F alcon  m ic r o t i t r e  t r a y  + l i d  f o r  t i s s u e  c u l tu r e  
S upp lied  by F a lco n  P l a s t i c s .
c )  M ic ro ti tr e  t r a y s  (V-bottom) f o r  se ro lo g y .
S upp lied  by Cooke E n g in eerin g  Company (CECO)
3# M ic ro t i t r e  D ilu t io n  Equipm ent, Droppers and M ic r o d i lu te r s .  
Supp lied  by Cooke E n g in eerin g  Company (CECO)
,4* L .T .E . In cu b a to r
W ater ja c k e te d , c o p p e r- lin e d  model.
Supp lied  by L abora to ry  Thermal Equipment L td . ,
a )  E y flo  pump, Model B, su p p lie d  by M edcalf B ro s .L td .
b ) pH M eters, Model 700, su p p lie d  by A n a ly tic a l  Measurement Ltd,
c ) C on tro l v a lv e , Type No. AC02, su p p lie d  by A lexander C o n tro ls
5# Z e is s -Je n a  P r o je c t io n  M icroscope.
Dokamator DL/2 
M icrofilm  re a d e r .
A b b re v ia ti ons
AS. A n tis  erum
EME. E ag les B asa l Medium
BSS. E ag les  B alanced S a l t  S o lu tio n
CETC. Chick embryo t i s s u e  c u l tu re
COg Carbon d io x id e
cpe c y to p a th ic  e f f e c t  ’
GM. Growth Medium
HA.. H aem agglutin in
HAH. H aem agg lu tina ting  U nit
IHD^q I n t e r f e r in g  dose^-Q
M. M olar
MEM. E ag les  M inimal E s s e n t ia l  Medium.
MK. Monkey k idney  t i s s u e  c u ltu re
m l. . m i l l i l i t r e
MM. M aintenance Medium
mm. m ill im e tre s
M .ora le  )
Mycoplasma
M.hominis )
P . passage  le v e l
p fu  p laque form ing u n i t
rpm re v o lu tio n s  p e r  m inute
sq.cm . square  c en tim e tre
TCD™ t i s s u e  c u l tu re  in f e c t in g  d osecrvpU pU
YRK. Young r a b b i t  k idney .
